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preface 


Contained in this report is the theoretical methodology used in developing 
an analysis for the response of blades subjected to soft-body impacts and 
a description of the computer program that was developed using the theory 
as its basis. This work was conducted at Hamilton Standard, Division of 
United Technologies Corporation, Windsor Locks, Connecticut, under NASA 
Lewis Research Center Contract No, NAS3- 20091. The analysis was based upon 
three fields of study. The development of the modal equations was carried 
out by Messrs. K. W, Westervelt and N. E. Houtz, The development of the 
equations used for the missile model, based on studies of 2-dimensional and 
3-dimensional fluid jets, was carried out by Dr. R. W. Cornell, The develop- 
ment of the interactive equations, geometry, general methodology and computer 
program was carried out by Mr. A. Alexander. 

This program is an outgrowth of two analyses that were previously developed 
for the purpose of studying problems of a similar nature: a 3-mode beam impact 
analysis and a multi-mode beam impact analysis. The program utilizes an 
improved missile model that is interactively coupled with blade motion, which 
is more consistent with observation. It takes into account local deformation at 
the impact area, blade camber effects and the spreading of the impacted missile 
mass on the blade surface. In addition, it accomodates plate-type mode shapes. 
The analysis represents a significant improvement in the development of ths. 
methodology for evaluating potential fan blade materials with regard to foreign 
object Impact resistance. 

The work was monitored by Dr. C, C. Chamis of NASA Lewis Research Center and 
was conducted during the periods January 1976 to August 1977 and February 
1978 to July 1978. 
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SECTION I 


INTRODUCTION AND SUMMARY 

1.1 BACKGROUND 

The availability of an, accurate and reliable method for the impact analysis 
of aircraft engine fan blades can play a major part in designing these blades 
for ROD (Foreign Object Damage) resistance and in assessing new materials 
for blade applications. Over the past several years Hamilton Standard has 
developed under company funding two modal analysis methods based upon beam 
models. Improvements and extensions of these computerized methods, one of 
which is a Three Mode Model and the other a more sophisticated and compre- 
hensive Multi-Mode Model, provide the basis for the present program. 

1 . 2 OBJECTIVES AND APPROAC H 

The purpose of the Multi-Mode Blade Impact (MMBI) computer program described 
herein is to provide the analyst with a tool that enables him to study the 
transient effects of soft body impacts on blades exhibiting characteristic 
coupled modes. Included within this purpose are three major objectives: 

a) The development of a consistent missile model 

b) The ability of the program to model the spreading impacted 
missile mass with respect to time. 

c) To provide information on deformations, pressure distribution and 
stresses at the impact region of the blade, as well as over the entire blade. 

The approach used in developing a missile model was based upon theoretical 
and experimental information associated with incident fluid jets on surfaces. 
The model is a general, symmetrical 3— dimensional fluid jet which is 
approximated by taking into account the combined effects of 2-dimensional 
and 3-dimensional fluid jets. 

The spreading missile mass i's modeled as an expanding oval consisting of 
a 2-dlmensional streamform at its center and a 3-diraensional streamform 
at its outer limits. 
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With 


«. p„3™.. 1.=., ..,™„„. „, 

Che impact area. 


j-^^^tARY AND CONCT.USIONS 

The M>ffll p„g,,„ i, ^ theoretical and experimental 

analysis of Incident 2-dlmenslonal and 3-dlmensional fluid 
jets combined „lt. t.e methods of modal response analysis. The 

geometrical representation of the problem Is based upon 2 rl«ht-handed 

systems of rsfersncp tkic *. * 

irererence. The entire surface of the blarf^ ■? = 

Lne oiade is represented 

2-dlmenslonal planform model of the blade face upon which the pressure 
rmpacted missile mass distribution Is mapped out. The Interaction 
-tween the missile and blade Is represented In a 2-dlmenslonal reference 
-ame defined by the rotational axis of the blade and an axis lym, m 
^he Plane of rotation, for consistency the program uses the methods of 

7 system, usln. the results of the previous time 

Step as initial conditions. 


-ring the impact event the blade and missile interaction 
program accounts for the following effects: 

a) local perturbations on relative impact angle and velocity 
due to blade response 

M .n.U.X _____ 
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The program provides an effioient method of analyzing the response of 
blades subjected to soft body impacts at a minimal cost to the user. Such 
problems as time step size, missile size variation, blade load variation 
and the spreading of the missile mass on the blade surface with time are 
handled as entirely internal problems to the program. The outputs avail- 
able Co the user include: 

1) Pressure distribution variation with respect to time. 

2) Gross blade displacements with respect to time, 

3) Local deformations of the blade surface at the impact area, 

4) Gross blade stresses with respect to time. 

5) Local stresses at the impact area. 

Detailed verification of the program is described in Sections 5.1 
and 5.2 where results are presented for several cases Chad were 
analyzed using the WRF proRram and comoarecl xvith te.st data. The 
program was first used to analyze impacts of cylindrical missiles on rigid 
plates for 25, 45 and 90-degree impact angles. These runs were primarily 
a check on the computed pressure distribution and the spreading of the missile 
with respect to time. Within Che accuracy of the test data, Che program 
x-'as able to predict both the shape and magnitude of the pressure distribution, 
corresponding to the three angles and, in general, showed good correlation 
with test. 

The program was then used Co analyze Che response of a simulated 
blade subjected Co a 600 ft/sec, 30-degree leading edge impact by a 1 pound, 
3.75 inch diameter spherical missile. The blade consisted of a rigid, steel 
plate bolted onto a titanium spar. Comparison with test results obtained for 
the same problem show good correlation for the displacement of the blade. 

With respect to Che blade twist, test data was available for angular motion 
at the blade tip while the MMBI program outputs this data at Che impact 
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radius of the blade, A direct correlation for response of the blade 
rn twist was therefore difficult, however a comparison of the response 
duration showed good agreement with test. In addition, by considering the 
modal aspects of the blade, the differences between test data at the blade 
tip versus calculated results at the impact radius are readily explained. 

The results obtained for the demonstration problems presented in this 
report are encouraging. However, a full evaluation of the capabilities 
of the program should include a case which involves the effects of blade 
camber and local deformations at the impact area. Data for this case 
is available from tests performed by Hamilton Standard on missile impacts 
of the 3A Q-Fan Demo Blade under NASA Contract No. NAS3-17837. 
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SECTION II 


theory and mathematical formulation 

The problem of multi-mode blade impact analysis can be organised into 
three separate phases; 

1. - Definition of missile and blade geometry 

2. - Definition of missile and load distribution 

3. - Modal response of the blade. 

Phase 1 Involves an interaction with the results of Phase 3 so that the 
problem geometry can be updated at the end of each time step. Phase 2 
consists of a further breakdo^m into three subcases: 

2a. - Definition of a fluid jet impinging on a surface at an oblique 

angle. 

2b. - Distribution of pressures at the nodal points describing the 

blade. 

2c, - Effect of blade camber on pressure. 

In Section 2.4 is a diagram depicting the basic problem flow, the details of 
which are discussed below. 

2.1 MISSILE AND BLADE GEOMETRY 

The M^DBI program uses two geometric reference frames to develop the problem 
geometry. 


2.1.1 Plan form Reference Frame 

To describe the distribution of the impacted missile mass on the blade face, the 
three dimensional surface of the face is mapped onto a flat plane (Fig. 1). The 
blade is untwisted and laid out on the plane such that the curved distance between 
adjacent points on the three-dimensional surface is preserved. Chordwise distance 
along the blade is taken along the absissa and radial distance is taken along the 
ordinate. During each time step, the center of impact and stagnation n-ossure 
points are located on the planform representation of the blade face and the 
spreading missile mass is mapped out relative to these two points (Section 2.2.2). 
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! Out of Plan, rnn p) Ref.rpn.. 

This reference syste. lies In e plene whose normal Is parallel fo the radial 
blade such that the coordinate system is a right-handed one, with 
Che rotational axis of the blade taken as the ordinate (Out-Qf -Plane or 

OOP SKIS) and the absissa lying in the plane of rotation (I,n^Plane or IP 
-is) (Fig. 2). The contour of the blade face at the impact radial station 
is represented in this coordinate system by straight line segments connecting 

llSdg_ -d Missile Conrdin,^..' 

Each blade segment n is represented by a vector V to e t . 

^ ''n establish the orientation 

between nodes n and n+1 relative to the IP-OOP system; see Fig. 3. 

i Gos( a + sin(^)f£3 

segment (n, n + 1 ) and is given by 

An (xn+i - xn)2 + 

end cos(0n) = (x„+i - x„)/An 
sln(0n) = (yn +1 - yn)/A„ 

X represents the IP coordinate of a node 
y represents the OOP coordinate of a node 
and jj are unit vectors in the IP and OOP directions respectively. 

Next, the forward and aft ends of the missile are located relative to the 
blade. The missile is sliced along its length into six sections (Fig. 4). 

Hath missile section x is described by a vector of length and angle 0 
relative to the IP axis. From Fig. 4 


+sLn(p)jj] 

B^=Len^f^ o-f missile section 


2.1.3(b) 
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2, 1.3(c) 


COS(^) ~~ 

Sin(p)=(y^~y^)/B^ 

IniCially, the points (xj^,y[^) and are determined from Input 

data. Referring to Figii* 2 and 5* Che user inputs the parameters; 

^0 “ coordinate of the missile centerline impact point 
yo = OOP coordinate of the missile centerline impact point 
Oq = initial impact angle relative to blade chord line 
Ric = radial distance from missile centerline to centerline of missile 
section k 

= thickness of missile section k 
= length of missile section 

= of fset (toward the aft end of the missil:^) of the front face of 
missile section k relative to the forward most point of the 
missile at the missile centerline 
= width of missile section k 

*Note that Rfc<0 for sections to the left of the centerline. 

The initial blade chord angle, 0o, can now be calculated from the relation; 


2.1, 3(d) 


where: Xj-.e,, Yt.e, i^efer to the IP and OOP coordinates of the trailing edge, 
and xL.e,, YL.e. ^efer to the IP and OOP coordinates of the leading edge 
at the impact radial station (Fig. 6). 

Note that there is a restriction that 0^ be greater than 0 degrees and less 
than or equal to 90 degrees. 
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The absoluCe missile angle, 0, is defined by 


^ " ®o-«o 2, 1.3(e) 

For each missile section k the coordinates, and of the 

forward and aft ends are given by 

= Xq + Rj; Sin(3) - Dk Cos (3) 

Yk = Yo “ Cos (3) “ Djj Sin(3) 

2.1.3(f) 

^ K ~ Cos (3) 

= Yk“Bk Sin(3) 

For times greater than zero the points (x^,y^) and (x'^,y’^) are dependent 
on Che missile velocity. Che total time elapsed during the previous time 
step and the amount of missile section length that has impacted on the 
blade during Che previous time step, Fig. 7. Assuming Chat at time t the forward 
and aft coordinates of missile section k are given by (x^t-y^t) and (x^t-yict). and 
that the missile velocity relative to Che IP-OOP frame is V, the aft end 
of section k moves forward by an amount VAt, where At is Che size of the time 
step. The coordinates of the aft point at time t+At are given by: 

x'^c(t+At) = x\t + VAt Cos (3) 

y'<(t+At) = y'^j. + VAt Sin (3) 2.1.3(g) 

If. during the time t and t+At, a portion 6^ of section < impacted on the 
blade, then the length of section k at time t+At is 


^fc(t+At) “ 


and the coordinates of the forward point for section k are given by 

-<Qcos(^) 

VAt -J^) Sln(^) 
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By updating the length of missile section k at the end of each time step, in 
the same manner described above, the missile size can be continuously reduced 
throughout the duration of impact. 


Once the locations of the forv;ard and aft points of missile section k are 
established, the blade segment that is impacted by section k can be 
determined as well as the IP and OOP coordinates of the impact. From Fig. 8 
define the vectors 


HYn-y^hJ 


2.1.3(i) 


2.1.3(j) 


Using the expression 2.1.3(b) for the following cross products are 
performed: 

A - 

where and are scalar quantities and zz is a unit vector perpendicular 
to the IP-OOP plane. Observing the right-hand rule for cross products and re- 
ferring to Fig. 8, it can be seen that a line passing through the points (x^,v«^)and 
will also pass between the nodes n and n+1 if both C^: and are greater 

than or equal to zero. This criterion is used to establish the blade segment 
that will be hit by missile section k during a time step. 


Furthermore, from the cross product: 

X Bit; = D(^ zz 

(where Dk is a scalar), it is seen that for: 


2.1.3(k) 


9 « 


D[^>0: point is behind the blade and the 

missile position will have to be adjusted by 
moving it aft along its centerline, 

D^c=0: point is in contact with the blade. 

Dk< 0: point 

missile position will have to be adjusted by 
moving it forward along its centerline. 

2.1.4 Impact Coordinates 

The location of the impact point for each missile section is determined by 
performing cross-products on vectors lying along the missile length and blade 
segment direction, respectively. A unit vector lying in the direction of the 
missile length ia given by 

= Cos(B)ii + Sin(B)jj 2.1.4(a) 

The vector Lj- which lies in the direction of the missile length between the 
point and the impact point (xi,y^)i^ is given by 

\ = (x^-XiK)ii + (yK-yiK)jT 2.1.4(b) 

Performing the cross-product between L,^ and and noting that the two vectors 
are colinear results in the expression 


,yj<,) is in front of the blade and the 


^^K~^iic)Sin(S)-(yK-yiK)Cos(3)=0 2.1.4(c) 

In a similar manner consider the unit vector and the vector ^ where 

J^=cos(eM +sln(9„)jj 

: 2.1.4(d) 

Both of these vectors lie in the direction of blade segment n. Performing 
the cross-product between and Nj^ results in the second expression involving 
(^iioyiic)* i.e, 

(^iK-Xn)Sin(en)-(yiK-yn)*^os(0n)^O 2.1.4(e) 
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Solving equations 2.1.4(c) and (e) for and performing some trigonometric 
manipulations results in 


XiK = 


CCyic yn)Cos(6)-XKSin(e)] Cos(0n) + XnSin(ej^)Cos(S) 

sirT (e^-e) ■ ■ 




Substitution of the result from 2.1.4(f) into either 2.1.4(c) or 2.1.4(e) 
will yield the value for 


Relative Velocity Impact and An^le 

Consider the blade segment n with velocity vectors at node n and 
''^n+1 at node n+1 given by 

~^n ^ JJ 

YhiilJ 

where the dot signifies the first derivative with respect to time. The 
angular velocity m, of blade segment n about nude n is given by 


2.1.-^(a) 


CO ' ~ Vh+I-Yn 


2.1.5(b) 


The IP and OOP velocity components for a point (xj y) Ivlnv M a 

HUJ. 11 L <.Xi,y 3 ^; lying on blade segment 

n between nodes^n and n+1, are given by 

^L~^h~(yrYn)u>K 

'9c:% + {XrX„)u„ "•■■='»> 

Vr^iii-i-YiJj 2.1.5(d) 

where is the velocity vector of point (xi.y^). The component of m the 

direction of the missile length is determined from the dot product of 2.1.5(d) 
With the unit vector given by 2.1.4(a), i.e. 

Vk - xiCos(6) + hSin(0) 2.1.5(e) 

Similarly, using the first of the expressions 2.1.4(d), the magnitude of 
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the velocity for point (xijyi) in the direction of blade segment n is given by. 

'^n “ ^i Cos(8n) + yiSinCe^) 2.1.5(f) 

The components of the relative impact velocity for missile section 
K impacting at point (xi,yi) are therefore given by 

■/k= (V,- Vj Sin(f)-V„i inCaJ 

where Vq is the velocity of the missile relative to the IP-OOP frame. 

From the dot product of the vector with components given by 2.1.5(g) and 
the unit vector in the direction of blade segment n, the relative impact 
angle, a^, is given by: 


o(j^-COS'' 


)<-KCos(&n) + %:Sln(e^) 


2.1.5(h) 


where the quantity J + (Vk)^ is the magnitude of the relative impact 

velocity. 


2.2 DSVELOPMEin OF AH IMPROVED MISSILE MOuEL 

Experimental impact tests using birds show that they behave essentially 
as a fluid during impact; see Reference 4. However, in view of the 
short length of the missile, it would also be desirable for the model to 
account for the transient effects caused by the beginning and ending of 
the missile. 


A literature search was conducted with the hope that an existing solution could 
be found for one or both of the above problems; see references and bibli.ography. 
Analytical solutions for the steady state, cylindrical case of a 90° jet and 
near 90° jet impinging on a flat surface and for the steady state two-dimensional 
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case of an angled jet impinging on a flat surface, were found in the literature; 
see References 5 and 6 and Reference 7, respectively. Several papers were 
found on the numerical solution of the transient/steady state case for cylinders 
and spheres impacting rigid plates at 90°; see References 8 and 9. However, 
no solution was found for either the general case of a steady state or the 
transient/steady state fluid missile impacting obliquely on a flat plate. 

Several papers actually commented about the lack of such a general solution; see 
for example References 10 and 11. Numerous papers and reports were found dealing 
with both steady state transient oblique incidence of fluid jets, which could be 
used for a data base and for evaluating any analytical results; see References 
6, 7 and 11 through 16. A summary of the scope and information available 
from these tests is given in Table I* 

Because no general solution of the jet impact problem was found, the following 
five possible approaches for developing a missile model were considered: 

1. Develop an empirical model based on available test data 

2. Develop a three-dimensional analysis of an incompressible inviscid 
jec of fluid 

3. Develop a finite element transient/steady state solution 

4. Develop a finite difference transient/steady state analysis of 
liquid droplets 

5. Develr ;j nsient/steady state analysis based on a spring-mass model 

The first approach was considered one of last resort and would be difficult to 
do without a theoretical basis. The development of a rigouous hydrodynamic 
model of an incompressible jet impinging on a flat plate did not appear feasible 
considering the comments in the literature. The labor and coding complexity 
required to develop a finite element solution was beyond the scope of the 
present program ; see Reference 17. The finite difference program COMCAM 


for the Impact of liquid droplets looked promising, see Reference U; however, 
at present the program handles only normal impacts and, therefore, would have to 
be generalised for the oblique impacts analyzed by the MMBI program. The fifth 
approach of developing a three-dimensional transient/steady state analysis 
of a compressible, inviscid liquid slug using a spring-mass model appeared to 
be the most amenable approach and, therefore, was pursued. 


The development of the analysis of the spring-beam missile model was performed 
by Dr. Brice N. Cassenti of UTRC and is given in Appendix. A. In this approach 
the fxnite fluid slug of arbitrary configuration is broken into discrete 
blocks. The pressure, volume, and position of each block is tracked as a 
function of time. The momentum equations are satisfied by summing the forces 
acting on each face and the conservation of mass is enforced by making the mass 
of each block a constant function of time. The analysis was programmed, and 
several two-dimensional impact cases with various degrees of grid fineness and 
various impact angles were run. The initial results from this approach look 
very promising, giving reasonable values of the back flow, the initial uniaxial 
impact pressure peak (p^CoVo - Hugoniot), and the later steady state flow 
pressure. However, during the period of steady pressure the solution tends 
to be unstable. To rectify this stability problem and to improve the accuracy 
of the model required time and funding beyond the scope of the initial 
contract. A planning document to cover this additional effort as a supplement 
to the present contract was sent to NASA-Lewis in early February, 1977. 


In the meantime, some approximate steady state two and three-dimensional fluid 
iet missile models were developed. Both of these crude models assumed a constant 
pressure of 1/2 v2sln2 over the effective impact area, which was based on the 
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lew angle teat results given in Reference 4. The derivations of these two approxi- 
mate analyses are given in Appendix B. Later, it was discovered that the test 
results in Reference 4 were in error even for low impingement angles, so that the 
P on of a constant pressure over Che Impact area was not a good approxima- 
tion and resulted in poor correlation with test results; see Figure 11. 

In January 1977, two German papers by Schach, References 5 . 7, were obtained 
which pertained to the two-dimensional oblique impacting Jet and the three- 
dimensional cylindrical oblique impacting Jet. The former case was solved by 
conformal transformation and the latter case, although not solved, was shown 
CO have certain characteristics which agreed with experimental test results. 

Based on these two papers and Refe^inces 5, 7 and 12, approximate analyses 
were developed which agreed well „i\h the available test data. Originally it 
was planned to use these more rigorous analytical models in place of the above 
crude models for only the 3D Blade Impact Analysis (References 1 and 2), but be- 
cause the supplemental funding for completing the spri..g-mess model did not 

materialize, it was decided to use it also for the MMBI analysis. 

Two-Di mensional Oblloue Impacting .la;- 

Although many papers and texts, for example Reference 18, give the elementary 
hydrodynamic solution for the flow split and center of force for a two-dimensional 
Jet Obliquely impinging on a flat plate. Schach's solution. Reference 7, is the 
only known general solution from which the complete boundary, pressure and 
veiociCy distributions can bs calculated. 


Figure 9 summarizes Schach's expressions for calculating the pressure and velocity 
distribution, and the locations of center of force and stagnation pressure for a 
iwo-dimensional Jet missile. The calculated streamform and pressure distributions 
for various impingement angles are given in Figures 10 and 11. For very small 
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impingement angles which are of prime importance. Schach's solution places 
the location of the stagnation pressure point outside of the Jet envelope 
Also, the total impringement load on the plate appears to he greater than it 
should be for small impingement angles; see Figure 13. it is believed this is 
a result of his approach of deriving the location of the stagnation point based 
upon points on the Jet boundary for which the value of the conjugate velocity 

,v=Expe(-ia„/ 2 ). Because of these apparent deficiencies in Schach’s 
solution, an approximate model was developed based on an exponential pressure 

distribution! sgu AonGncliv c TVi-ir* j i 

HI nuix L. This model satisfipc all f-Vi« r j j 

i>ciLisLies all the hydrodynamic load 

and moment criteria, but places the stagnatlou pressure location at the edge of 
rhe jet for very small impingement angles. 


guic 11 compares the pressure distributions derived by Schach, the original 
crude constant pressure approximation given in .ppondix B. and the exponential 
approxrmation given in Appendix C. Figure U presents a comparison of pressure 
velocity distributions given by Bchach’s solution and the .. approximations 
ur a boo impingement angle, and shows the exponential approximation correlates 
vary well. Figure 13 presents a comparison between the Schach's solution and 
exponential approximation for a 15^ impingement angle, and shows reasonable 
except for the locatioa of the stagnation pressure. Figure . presents 
u tompatxson ol the centers of force, e/a, and stagnation pressure, g/a, for 
both analyses. For small impingement angles the center of force occurs at the 
Of the jet; however, for Schach's solution the distance of the stagnation 
point to the center of force, f/a, goes to (m .)/r rather than terc. 

U,at the stagnation pressure occurs outside the Jet. Figure U showsthis does 
occur for the approximate solution. It is possible to mahe the location of 
bhe stagnation pressure for tho exponential approximation match .Schach's values- 
-ever, the resulting exponential coefficients below 33 c ..eoome iUogicai 
- also possible to define the exponential approximation so that it fits Schach's 
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solution more exactly for the higher Impingement angles; see Appendix C and 
Figure lA. However, because the improvement is minor, the extra complication 
of Che more refined approximation was not deemed worth it. 


_U}.L'^^~D^niensional Oblique Impacting Jet 

There appears to be no general solution for a cylindrical jet obliquely 
impinging on a flat plate. However, a solution by Schach was found for 90“ 
iiupinfiement; see Reference 7. Reference 5 by Schach presents some 
concepts and tost result.s which could be used to develop an approximate 
analysis for the general case of a cylindrical jet obliquely impinging on a 
flat plate. Thl.s concept follows the same general approach given in Appendix 
li, but assumes a more realistic form of pressure distribution rather than a 
constc t pressure distribution. Appendix D gives the development of this 
approxinnue 3D jet analysts, which assumes that the flow is radial from the 
stagnation point. This assumption has been essentially substantiated by test, 
SLU Re I nonce 5. 1 Lgure 15 depicts the nomenclature for a cylindrical jet 

impinging at an angle on a flat plate. Sel.ach solves for the squashing and 
spreading of the jet based on the assumption rliat the fluid In each sector of 
the Jet remains in the deflected sector. 


Figure 16 gives a comparison between the measured pros.sure distribution given 
in Reference 5 for a 60" impingement angle and that ^iven by the approximate 
theory developed In Appendix 1). The theory matches the tost results extromel; 
well for all acimuth positions. The theory was cheeked by applying it to the 
normal or 90" impingement case for which there is a theoretical solution, see 
Reference 7, and test measurements, see Reference 12. Figure 17 compares the 
results from the approximate theory given heroin and the results In these two 
references with reK,ard to squashing thickness, velocity, and pressure distribu 
tions. A^ain, che approximace theory is found to agree very well with measure 
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ment and the formal theory. Figure 18 presents a comparison of the centers 

of force, e/r, and stagnation pressure, g/r, for both test and the approximate 

analysis. The correlation is excellent as far as there are test results, i.e. 
30° up to 90°. 

General Thrse-Dinien sional Oblique Impacting Js^ 

Although missiles impacting blades are of arbitrary shape, they can be usually 
depicted approximately as either an ellipsoid or a cylinder. However, be- 
cause of the impacting angle, the finite length, and the orientation of the 
missile with respect to the impacted airfoil surface of the blade, the 
simple 3D jet representation given above cannot be used directly to represent 
the missile. Instead the missile must be approximated by a combination of a 
2D Jet and a 3D jet; see Appendix E. The shape, and therefore, combination of 

2 and 3D jets will vary with time because of the end effects of the missile; 
see Figure 19. 


For the MMBl Analysis the impacting section of the missile is assumed 
to consist of a 2D jet in the center bounded by halves of a 3D jet; see Figure 20. 
As the front of the missile progressively impinges on the airfoil the impacting 
area and shape grows and changes. For a cylindrical missile, the approximation 
given in Figure 20 degenerates to a cylinder once the end effect is passed. If 
the missile is a slice of a cylinder or bird, the approximation requires that 
the spanwise width be a constant, so that the spanwise planform of each parallel 
division muse be a rectangle; see Figure 20. 


The location of the impact force and stagnation centers are assumed to be the 
weighted average of those tor the 2D and 3D jets making up the particular cross- 
auction. The resulting pressure loading and squashing thickness distributions are 


- 18 - 
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modified values of the corresponding 2D and 3D jet results, so that there is no 
discontinuity between the two; see Appendix E, The former is done on an incre- 
mental load basis, whereas the latter is done on an incremental fluid area basis 
Because of the tying together of the 2D and 3D jet results in the analysis, the 
squashing and spreading action of the 3D jet with distance from the stagnation 
point will force Che 2D deflected thickness to decrease and spread with distance 
However, the simple approach given in Appendix E for tying the 2D and 3D jets 
together assumes a constant modified thickness and pressure spanwise across 
the 2D jet, which is probably not correct; however, it is doubtful that the 
error introduced by this assumption is significant. Table II summarizes the 
expressions for defining the general jet missile based on those for the 2D and 
3D jet missiles. 

2.2.1 D^inition of an Oblique Angle Impact of a Fluid Jet on a Surface 
In order to use the equations developed in Appendices C, D and E and listed 
in Table II it is necessary to locate the frontal flow area faces of the 2-D 
jet in both the positive and negative sides of the fluid jet split (Fig. 21). 

This first requires a knowledge of the curved surfaces formed by the portions 
of the incident jet during their transitions onto the impacted surface. The 
approximation made here is that Che curvatures take the form of a portion of a 
circular cylindrical surface. 


From Fig« 21, define the radii: 


Rj - Radius of the arc drawn from the point of flow separation, 0, to 
the point A^ tangent to the impacted surface on the positive side of 
the jet split. 
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R2 = Radius of tha arc dra™ fro. the point of flow separation to the point A., 
tangent to the impacted surface on the negative side of the jet split. 

R = Radius of the arc drawn from the point of flow separation to the stagnation 
point, S.P., on the impacted surface. Note that the center of this arc lies 
on the plane of the impacted surface. 


It is also noted that the arcs defined by radii Rj, r^ and R are tangent to the 
line 0-F dra™ through the point of flow separation parallel to the jet center- 
line. The angle subtended by the arc defined by is equal to a. the Impact 
angle, and the bisector of this angle passes through the point F. From Fig. 21 


Rl tan(a/2) = Rj cot(a/2) 

R = ~ ) 

Cosa 

Rsina +/cosa = r + g _ f 


2.2.1(a) 


From Table 1], equacion 8, the disdan 
the stagnation point is given by 


ce e, between th 


e 


if^pact center point 


and 



2.2.1(b) 


where a is the jet thickness. 


Substitution of the right-hand side of the second of expressions 
and the right-hand side of 2.2.1(b) into the third expression of 
and collecting terms yields 


2.2.1(a) 

2.2.1(a) 
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Using the trigonometric identities 

lan {TJ I ^cosM S ifi C^) 
SLh^Coc) i-COS^(d)=l 
COS(oc)= Sihf^~oc) 

in 2.2.1(c) yields for^ 


tr-MAfri SinMP*Sln(->rj] 


Note that 


Lifyi 


Cnd-oi) 


2.2.1(d) 


Using 2.2.1(d) in 2.2.1(a), expressions for and R 2 in terms of the initial 
incident jet thickness, a, and the impact angle a, can be obtained. Assuming 
now that the incident jet velocity is Vq and referring to Fig. 22, it is 
observed that an elemental volume located at point P, which lies on the positive 
portion of the fluid jet along the line Q-F, will travel a distance d=Vot during 
the time interval t. However, once the elemental volume has passed the point 
of flow separation, It will travel a distance S along the arc defined by radius 
Rl . The angle subtended by S is given by 


where 



s=y+ 


^ CoS^M 

^ SLru-c) 


2.2.1(e) 

2.2.1(f) 


The location of the elemental volume after time t, relative to the position 
of the point F is calculated from: 
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It IS important to note that the location of the center of force of the 
impact is at the point F. 


2*2*2 Location of Forward and Backwash Flow Area Faces 

It has been assumed bbnonshont bhe development of the nelatfons in Section 
2.2.:, that the flow conditions are steady state and that the incident jet 
stream is continuons. I„ the MMBI program the missile is portioned into 
streams of finite lengths VjAti where: 

Vj = Incident stream velocity 
Atj = Time step length 

From Fig. 23 note that the point Ft, located at the backstream face of the jet, 
a distance ViATj from the incident face at the beginning of the time increment. 

Will travel to the point at the end of the time interval. The location 

on the positive flow side of P^+At, relative to the center of force F. is 
obtained from 2.2.1(g). In order to locate at time t+Ati the elemental 
volume that originated on the negative side of the flow at point in the 
beginning of the time Interval, the moment of forces about the point F is 
calculated. Since F is the location of the center of force, the moment about 
this point must be zero and an expression can be derived for :, 2 , the distance 
between the center of force and the position on the negative flow side, of 

the elemental volume at time t+Atp. From the summary of equations listed in 
Table II; 


Pressure on the positive side of the flow 

Pr-Po 

Pressure on the negative side of the flow 


2.2.2(a) 


2,2. 2(b) 


where is the stagnation pressure, and yi and Y 2 are decay constants in the 

positiye and negative sides of the flow i 

ne now, respectively. Note that since x is 
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measured from the stagnation point it is necessary to use the value 


= Xi+f 2.2.2(c) 

where f is the distance between the stagnation point and the center of force. 
From Table II 

2.2.2(d) 

Integrating the moment due to between the limits and Aj + VjAt^ gives: 



Pq - stagnation pressure 
b = width of flow 


Similarly, for ?2 



where X 2 = 

Equating the right-hand sides of 2.2.2(e) and 2.2.2(f) will yield an expression 
in terms of X2- The MMBI program uses the Newton-Raphson numerical iteration 
method to obtain a solution forX2- Consider the function F(l 2 ) defined by 

F(X2> = M(X2) “ = 0 2.2.2(g) 

As a first approximation assume F is a linear function such that 
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iBp^ ^ F(p,) 

d /Vi P -ftL 


2.2.2(h) 


where is an initial first guess for x’ and is the desired value 
necessary to make F equal to zero. Solving for P2 



2.2.2(i) 


If P2 is Indeed Che solucion for which F =0 then a second trial, pj in the 
equation 


P3-Pa- 




yield a value that Is equal to P2. In general this is not the case since F is 
not truly linear. However, P3 will be a better approximation for (i.e., P3 
will make F(p3> closer to zero than F(p2)). By successively applying the 
above technique the solution for 2.2.2(g) can be obtained to any desired accuracy. 


2 - 2.3 Pressure Distribution 

As described in Appendix E an impacting missile is composed of 
2 subdivisions, a 2 -D and 3 -D fluid jet. Figure 24 depicts the 


general model with the 2 -D uniform flow spreading outward from Che point lying a 
distance .^ 2-^1 from the stagnation point and the 3 -D portion of the flow 
spreading radially outward from points A and B. The location of the points A 
and B is determined by a consideration of Fig. 24 . Since the impact is assumed 


to be symmetrical about the impact centerline, the points A and B are located a 
distance above and below the impact centerline where 


w - total missile portion width 

-= the radius of the outer extremes of the missile portion 
which is equal to one half the missile portion thickness. 
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and 


The rate of spreading of the forward and baclcwash flow area faces is taken 
equal to the impact velocity. Figure 25 illustrates the scheme used in depicting 
the spread of the impacted missile mass with time. Note that at the instant 

the aft end of the missile portion reaches the impacted surf ace, a void of width 

I r T » 

\i-X 7 occurs, centered about the point X 1 -X 2 from the stagnation point. For 

" 2 “ 

times after the void appears the spreading mass takes the form of an oval 
ring expanding with time at the rate of the impact velocity. The pressure 
distribution is obtained from equations 2.2.2(a) and (b) for the 2-D portion of 
the spreading mass. The pressure distribution for the 3—D portion of the mass 
distribution is determined from the pressure relation in Table H for a 3-D jet. 



where Y 3 is a decay coefficient associated with the 3D jet. The program 

determines the load on the blade at any instant in two ways. At the instant 
of Impact the initial force is calculated by integrating the pressure over the 
oval area defined by the 2-D boundaries 
(S.P.-X 2 ) (negative flow side) 

and (S.P.+xj^) (positive flow side) 

where S.P. is the location of the stagnation pressure point, and the 3-D 
boundaries defined by the radius 

f t 

(See Fig. 24) 

2 

For time increments after the initial impact of the missile portion, the blade 
loads are determined by multiplying the pressure over each node of the blade 
by an effective nodal area as described in Section 3.1.11. 

2.2.4 Effect of Blade Camber on Pressure 

As the spreading impacted missile mass traverses the blade it 
encounters an additional acceleration due to the curvature 
of the surface. The effect of this acceleration is to produce an 
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Consider an elemental volume 


additional pressure normal to the blade surface, 
of mass traveling across the blade with velocity (Fig. 26). If the instan- 
taneous radius of curvature is R, then the force on the center of gravity 
of the mass is 


Fc.g. ^ M vg 
R 


2.2.4(a) 


where M - total mass of the elemental volume. Assuming that the mass has a 

thickness length dL^, density and is of unit width, the mass of the 
element can be expressed as 


M - P^t^dlj^j 

Substituting 2.2.4(b) into 2.2.4(a) and dividing 
expression for the pressure on the blade: 


2.2.4(b) 

through by dLj^ results in an 


P 


camber 


Fc.g. ^ 

dL^ 


MtMvg 

R 


2.2.4(c) 


In order to determine the radius of curvature, the MMBI program divides 
the blade surface into discreet regions of curvature along the chordwlse 
direction. Referring to the description of blade geometry in Section 2.1.3 and 
to Fig. 27, the midpoints of the blade segments are calculated and then used to 
establish the bounds of each curvature region. For the blade segments at the 
leading and trailing edges the program uses the leading and trailing edge node 
points rather than the midpoints of the segments. Given blade segments n and 
n+1 with nodes n and n+1 for segment n, and nodes n+1 and n+2 for blade segment 
n+i, the midpoint coordinates are determined from 
^m = Cos 

ym = Yn Sin (&^/^ 

^1 = xn+i Cos 2.2.4(d) 

= yn+l +|a^+ 1 Sin (en+lj/^ 
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where x. 


n> yn* ^n+1* Yn+l* ^n> ^n+l? 0n ^n+1 defined in Section 2.1,3. 

Considering a oircular are that passes through the points m and m+1 such that it 

IS tangent to the blade segments passing through these midpoints, the chordal 
length of the arc is 

= y ^ +Cyn,-ynH-l ) ^ ^ 2.2.4(e) 

The angle subtended by the arc is equal to the difference of the blade 
segment angles, i.e. 

= Sn+l - 9n 

The radius of curvature is therefore given by 

TD ^chord 

2 Sln(A<l./2) 2.2.4(f) 

Substitution of this value in 2.2.4(c) gives the pressure at node n+1 due to the 
mass passing over it. 
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2.3 MODAL AMALYRT.q 

consider s representation of the blade with n nodes such that the vector 


V(x) {V} - [V| V 2 V 3 .... v^] 


2. 3, 1(a) 


centals the out-of-plane displacements as represented by a lumped mass model 
of r, masses. Similarly, the in-plane displacements can he represented by w. 
The total displacement vector can be represented by the function 


Vi 


W, = {w- 

(0i 


2.3.1(b) 


where ^ :ls a 2n vector. Thus ^ represents the mode shape of the bXade and if 

tt.. 3 , ... ... .... ^ ... 

„ . ...... .3 . 3 . ... 

is denoted . 


.. 3 . ..... .. . ...... 

..... ... ...... 

components at the location of each node for mode i. 


The modal mass mi is defined 


as 


= 4i> [Mp] 


2.3.1(c) 


where the superscript I refers to the transpose matrix operation and Mp 

-presents the mass matrix of the structure. The subscript p refers 

to the system physical points used to simulate a vive 

w.j-uiuxace a gxven property. The 

niass matrix [Mp] is 
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If the mass matrix is diagonal, then Equation (3) becomes 



2.3.1(d) 


The loads must be transformed from physical pointi to the generalized 
coordinates corresponding to the mode shapes. This is accomplsihed by 
the equation 

X 


and 


Piw Pi,] 


T 


2.3.1(e) 


The use of normal inodes provides an uncoupled set of differential 
equations for each mode. This is because the inodes are orthogonal. 
The equations of motion for the i^h mode are 


OC 

'ih 


or 


. i!(() 

if “irf? 


2.3.1(f) 


where q;j^ is the generalized coordinate and 


— I 

2m; 




Oi 


n\, 
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The dots refer to time derivatives of the generalized coordinate. The 
general solution of Equation (7) is 








G(i-r) i^(r)dr 


2.3.1(g) 


The functions F and G are combinations of Che homogeneous solution 



2.3.1(h) 


which satisfy the initial conditions for unit values of the displacement 
and velocity. For Che case of underdamped oscillations, F and G can be 
calculated by the equations 



2.3.1(i) 


where ^ time increment defined by (t-t^^). The 

velocities are also required and are given by the expressions 


F 


/ 




2.3.1(j) 


The remainine term of Equation 2.3.1(g) is a convolution or Duhammel integral, 
the solution of which, assuming varies linearly with time, can be evaluated 
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by the expressions 









n+I 


2.3.1(k) 


The values of the coefficients of Equations 2.3.1(k) 
expressions 


are given by the 



2 . 3 . 1 ( 1 ) 
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2.3.1(n) 


1 

A =■- 


h K 


03 


)si(J wk +a) cos aik 


b'= 


1 C -4k 


kK 


03 


> 1 l1 

1^— C iSStM OOK + CO cos c*3Kj (X) 


where K = Mj_ 


If the generalized force is constant over the time interval h, the generalized 
displacement and velocity as given by Equations 2.3.1(k) reduce to. 


- A P ^ and = B P. 


i,a 


M. 


where 


2.3.1(o) 


1 C-Ak 


Koj 


-^SIN toK ^ u) CoS ^ 


03 


- 1 2. 

® “ KoJ ^ 


Thus if Pi^„ = P.^ the total solution at the end of the time period is 


0 


2.3. l(p) 


n 


and the coefficients are given by Equations 2,3.1 (i) , (j), and (o) . 
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Assuming that at time zero the in-plane and out“of-plane coordinates 
of the nodes are contained in the 2n vector 


{Xq} ^2 ^3 

° (Jl Y2 Y3 



and the initial chordwise, radial and shear stress components at the 
nodes are contained in the 3n vector 




^rl 


*^c2 ~^cn 

^r3 

T2 *^3 '^n 


the coordinates and stress components at the end of the time period 
are given hy 


{X) = 

{Xq} + 1 

2.3.1 (q) 

{a} = 

(no) + S {S}. 

2.3.1 (r) 
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.4 BASIC PROBlEfl FLOW DIAGRAM 


START 

XsecT T(2.1 .3) 


read in the 

INPUT DATA 


Sect. (2.1.31 


LOCATE THE MISSILE 
AND BLADE NODES 
RELATIVE TO THE 
IP-OOP SYSTEM 


^Sects. (2J. 

j— 

DETERMINE ' 

OF THE MI5 

WILL IMPACT 

TIME 
, _ 

PHE PORTION 
JSILE THAT 
DURING THIS 
STEP 


CALCULATE THE INITm 
IMPACT FORCE DUE TO 
THIS MISSILE PORTION 




CALCULATE THE PRESSURE 

DISTRIBUTION OVER THE 
BLADE SURFACE DUE TO 
MISSILE PORTIONS THAT IMPACTED 
DURING PREV IOUS TIME STEPS 


Sect. (2.3) 


CALCULATE THE RESPONSE 
OF THE BLADE DURING 
THIS TIME STEP USING 
the results OF THE 
AS INITIAL CONDITIONS 


CONVERT NODE PRESSURES 
TO EQUIVALENT IP AND OOP 
COMPONENTS OF FORCE AT 
the blade NODES 




SECTION III 


COMPUTER PROGRAM DESCRIPTION 

The MMBI program consists of a main routine and eleven subroutines. In Section 
3.13 are the flow diagrams associated with each routine which are summarized 
below and discussed in detail in the following sections. 

- Input data is read in; initial conditions for the problem are calculated; 

Che geometrical position and shape of the missile and blade are determined; the 
length of Che time step is determined; the total force on the blade during each 
time step is distributed among the nodes; and the position is determined for the 
nodes describing Che blade cross section in Che in-plane out-of-plane reference 
frame at the end of each time step, 

- Calculates the instantaneous force imparted to the blade by the 3-D jet 
part of Che missile portion that impacts during a particular time step. 

“ Calculates Che distance between the stagnation point and the boundary 
of Che void formed on the backwash side of the fluid flow at the end of the time 
step during which the missile portion impacted, 

CAM^ - Calculates the thickness of the impacted missile mass passing over a 
node on the blade and the pressure effect due to the curved surface at the node, 
_ REGION - Determines which radius of curvature is to be used for the calculation 
of pressure effects due to camber. 

INCU^ - Calculates the inverse of the radius of curvature at a particular node 
located on the blade surface. 

PRES^ - Maps the pressure distribution on the blade and calculates the pressure 
over each node of the blade during every time step. 

- Calculates the modal coefficients during each time step, the total dis- 
placement at every node relative to its position at time zero, and the three 
components of stress at every node. 

p™p - Prints the pressures at the nodes falling within the impacted mass distribu- 
tion during a particular time step. 
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P™ - Secs up Che format foe, and scores Che displacemeat and stress output data 
to be printed at the end of Che run. 

m - Prints Che dispiace^enCs and stresses at Che nodes chosen h. Che user for 
the time steps chosen by the user- 

™T - Caicuiaces Che co.hined shape of Che fissile portion impacting during a 
step, Che impact parameters associated with Che missiie portion, the combined 
tnncancaneous impact force due to the and 3-0 parts of the modei, and distributes 

the force as equivalent pressures at the nearest two a 

cne nearest two nodes to the center of force 

of the impact. 


CO MELATION BETWEEN THEORF.Tf CAL AMD cnnKP 


Equation 
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Units 


length 

length 

radians 

length 

length 

radians 

radians 

length/tlme 

radians/time 

length/time 

length/time 

length/time 

length 

length 

length /time 

radians 

length 

length 

length 

length 

length 

length 

force/ (length)^ 
mass/ (length) 3 


force/(length)2 

length 

force/ (length) 2 
mass 


radians/time 

radians/time 


3 . 1 MAIN 


3.1.1 Input Variables 

a) V - Missile velocity relative to in plane-out of plane reference frame. 

b) RIMP — Radius of blade at which impact occurs, 

c) TST0P - Total time duration for which the analysis is to be performed. 

d) ALPHAO - Initial angle between missile and blade chord. This angle is 
measured positive counterclockwise in the in plane-out of plane reference 
frame from the centerline of the missile to the blade chord. 

e) XOCL, YOCL - In plane and out of plane coordinates for the intersection of the 
forward point of the missile at its centerline and the blade face. 

f) NR - Total number of radial stations describing the blade. 

g) NN - Total number of nodes describing the blade, 

h) NM - Total number of blade modes used in the analysis, 

i) NVA - Total number of sections dividing up the missile along its length. 

j) IPDEL - Number of time steps between each printout of deflections and 
stresses. Once the missile is entirely on the blade (i.e., there is no 
more unimpacted missile length) the pressures at the blade nodes are 
printed only every IPDEL time step, \^^hile there is still unimpacted 
missile length, the node pressures are printed during each time step. 

k) DEN - Mass density of missile. 

l) ISYM - Flag to signal whether missile is symmetric ^*^^or unsymmetric ^ 

m) RL(M) - Radial distance between missile centerline and centerline of 
missile section M. 

n) RM(M) - Thickness of missile section M. 

o) CL(M) - Length of missile section M. 

p) DELTL(M) - Offset from forward point of the missile at the centerline to 
the forward point of missile section M (positive toward rear of missile), 

q) WM(M) - Width of missile section M. 


- 37 - 




r) MAX(I3) - Total number of nodes at radial station 13. 

s) NJ3(I3) - Index of chordwise node at each radial station 13 where deflection 
and stress output is desired. The program automatically outputs deflections 
and stresses at the leading edge and trailing edge nodes of each radial 
station. The number NJ3 may be anything from 1 to MAX of each radial station. 

t) VM(I6) - Modal mass associated with each mode 16. 

u) DR(I6) - Modal damping ratio associated with each mode 16. 

v) W0(I6) - Modal frequency associated with each mode 16 (radians/second). 

w) PH2(J6, K6, 16) - In-plane (J6 = 1) and Out-of-plane (J6 = 2) displacements 
associated with each node K6 for each mode 16, 

x) SH2(J6, K6, 16) — Extensional (J6 = 1, 2) and shear (J6 — 3) stresses 
associated with each node (K6) for each mode 16. 

y) YN0DE(I3), XN0DE(I3, J3) - Radial coordinate and chordwise coordinate at 
radial station 13 of node J3 describing the blade geometry in the planform 
reference frame. 

z) X0(JC), Y0 (JC) “ Initial in— plane and out-of-plane coordinates of nodes 

JC describing the blade face curvature at the impact radial station in the 
in-plane/out-of-plane reference frame. The number of X0, Y0 pairs must 
be the same as the value for MAX at the corresponding radial station. 

3.1.2 Problem Initialization 
a) Modal Parameters; 

The modal coefficients, Q and QD, for each mode 16, for example, are set 
to zero. The program then sets the numerically highest modal frequency 
into array element HIM0DE(NM) and the lowest modal frequency into array 
element HIM0DE(1). 

From the modal mass, VMI(I6) the modal stiffness VKI(I6) can be calculated 
as VKKI6) = [VMI(I6)] X [W0(I6)]2 (a) 

Furthermore, the modal decay constant is given by 
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BET(I6) = [DR(I6)] X [W0(I6)] 


3.1.2 (b) 


and the effective damped modal frequency, WI(I6), is calculated from 
WI(I6) = y [W0(I6)]2 - [BET(16)]2 3.1.2 (c) 

b) Effective Pressure Area at Nodes: 

For each node at radial station 13 and chordwise station J3, for example, 
the chordwise distance between the two closest neighboring nodes on the 
same radial station is given by 

XR - XL = [XN0DE(I3, 13+1)] - [XN0DE(I3, J3 -1)] 

and for the radial distance between the two closest neighboring nodes above 
and below radial station 13 

RA - RB = [YN0DE(I3 + 1)] - [YN0DE(I3 - 1)] 

The area AAN0DE(I3, J3) is thus given by 

AAN0DE(I3, J3) = [XR - XL] X [RA - RB]/4 
If the node should lie on either the lowest radial station or the highest 
radial station, then the value of YN0DE(I3) is used instead of YN0DE(I3“1) 
or YN0DE(I3 + 1) respectively. Similarly, if the node lies on one of the 
blade edges, then the value of YN0DE(I3, J3) is substituted for XN0DE(I3, J3 -1) 
in the case of the leading edge and for XN0DE(I3, J3 + 1) in the case 
of the trailing edge. 

c) Correspondence between planform and in^plane/out-of—plane geometry. 

The program sets variables NSTAT and NSTAF equal to the number of nodes 
at the impact radial station and the number of blade segments at the 
impact radial station respectively. Array XM is then set up with its 
elements equal to the XN0DE(I7, J3) values corresponding to the nodes 
at the impact radial station, 17. Thus, XM(1) is the chordwise coordinate 
on the planform geometry corresponding to the leading edge node at the 
impact radial station, with coordinates X0(1), Y0(1) in the in-plane/out- 
of-plane reference frame. Using the values of XM, the blade is now 
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g) 


P...P. .„ „.n„.p „. 

:;,: ■ T" ""“ ■"■ “• ‘"-" “'■> “ “• — 

- « .. »<3>. ™. 

- XM(3) and the .id-point of XM(3) and XM(4). The last outvatune 

re.xcn l.es between the .id-point of XM(NSTAT-3) and XM(HSXAT-:) and the 

:;:rr‘ ^ --- - — -- 

:;:; ::; ^ --- - - . ..atn. ..on 

d) In-plane/out-of-plane blade coordinates XO, YO: 

The elements of arrays XO and YO are assigned th 

Signed the corresponding values of 

Che elements in arrays X0 and YC5 vh^ 

0 andY 0 . The program updates the blade coordinates 

e) Time step index I is set eau^,i t- 

Hero and absolute TIME is set equal to 
aero. These variables are updated after every time step. 

Displacement and stress print flag - itprnt: 

ITPRNT is initially set eanal ^n 

ily equal to one. Further on in the program, a 

comparison is made between the values of I and ITPrnt. If they are 

ecual. then the program stores the displacement and stress output data 

for time step I. itprnt is then Incremented by IPDEL (see 3.1.1(k) and 
3.10.2). 

IFV - Free vibration flag: 

solution run m order to save time as will be discussed further on in 
the narrative. (Sect. 3.1.15) 


f) 
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h) IFSLD - Shallow impact angle flag: 

Normally IFSLD is set to zero. If during a particular time step the 
impact angle is less chan one tenth of a degree, IFSLD is set to 1. The 
remainder of the unimpacted missile length is assumed to slide onto the 
blade and no further impact analysis will be performed. 

i) IIFLG - Zero impact length flag: 

IIFLG is initially set to zero, llhen the length of the missile has 

reduced to zero during the impact stage of the program, IIFLG is set to 

1. This will cause the program to skip calculations involving initial 
impact , 


Printout of Initial Conditions 
The program prints the following data: 

a) Initial planform and in-plane/out-of-plane blade geometry. 

b) Initial thickness, length, width and offset of each missile section. 

C) The modal frequency, modal mass, modal stiffness and modal damping ratio 
for each mode to be used in the analysis, 

d) Missile velocity, initial impact angle, missile density, in plane and 

out of plane coordinates of the center of impact and the impact radius. 
Tims Step IncrerAent Entry Point 

The point of the program where time stepping begins is denoted by statement 

number 800. Each time the program returns to this point, the index I is 
incremented by 1 . 

Angle and Blade Sevm.nt 

The blade chord angle THETAO and missile angle BETA are calculated using the 
relations 2. 1 . 3 (d) and 2. 1 .3 (e> . For each blade segment JO, in the ir^plane/ 
out-.of-plane reference frame, the angle with respect to the in-plane axis is 
determined by using the expressions 2.1.3(a). The sign of the angle is 
determined by comparing the difference [Y0(JC + I) - YO(JC)] with zero. If 
the difference is negative, then THETA(JC) is negative. 
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3»i«6 Forward and Aft Points of Missile Sections 


Using the value of BETA and the relations 2.1.3(f), the coordinates of the 
forward and aft points of each missile section L are calculated for the first 
time step. For I greater than 1, the relations 2.1.3(g) and 2.1.3(h) are 
used. The X and Y coordinates of the forward point of missile section L are 
assigned respectively to array elements X(L) and Y(L). Similarly, for the 
aft point of missile section L, the X and Y coordinates are assigned to array 
elements XI (L) and Y1(L) respectively. 

The remaining unimpacted length of each missile section L is calculated for 
I greater than 1. Assigned to array element VDT(L, I-l) is the amount of length 
of missile section L that impacted on the blade during time step I— 1, The 
remaining unimpacted length (CL(L)) is obtained by subtracting the value 
of VDT(L, I-l) from the length of missile section L. When the remaining 
length is less than or equal to one percent of the length at the beginning 
of time step I-l the program considers this length to be effectively zero. 

This is necessary in order to avoid infinite looping due to computer 
roundoff error in the calculation of VDT. When CL(L) is zero, an array 
flag, II (L) is set to a value of 2 signaling the program that missile 
section L will no longer be involved in the impact calculations. 

3.1.7 Missile - Blade Contact Points 

To find the blade segment that is impacted by missile section L during time 
step I, the program uses the relations 2.1.3(j). If the missile section is 
not aiming at any blade segments during a time step, then a flag IHIT(L) is 
set to zero and the program moves to the next missile section. When a blade 
segment JC is established as the one to be impacted by missile section L, 
the program then uses equation 2.1.3(k) to determine where the forward point 
of the section is relative to the blade. Furthermore, IHIT(L) is assigned 
the value JC and a flag IBACK(L) is established such that its value is zero 
if the missile section is in front of the blade and 1 if the missile section 
is in back of t'i 2 blade. 
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r^- 1 .. 

F” program now checks the shallowness of the impact angle. If the impact 

J ^ radians (approximately one tenth of a degree) 

the missile section is considered to be sliding or. the blade. 

a) Sliding - If missile section L is sliding, then a flag ISMDE(L) is set 
equal to 1. The program now determines whether the blade segment angle 
THETA(JC) is close to 90 degrees. If THETA(JC) is within ±1.7 X 10"^ 
radians of tt/2 then the out of plane coordinate of the impact point 
YI(L) is set equal to the out of plane coordinate Y(L) and the in plane 
coordinate or the impact point is calculated from 

XI(L) = [Y(L) - YO(JC)] X ctn-1 [THETA(JC)] + XO(JC) 3.1.7 (a) 

If THETA(JC) is not close to 7 t/ 2, then the program sets the in plane 

coordinate of the impact point XI (L) equal to X(L) and determines the 

out-of-plane coordinate of the impact point from 

Y1(L) = [X(L) -XO(JC)] X tan“l [THETA(JC) ] + YO(JC) 3.1.7 (b) 

The parameter XNEAR(L) is now assigned the value of XM(JC) in order to 

establish the location of the impact on the planform geometry. In 

addition, since the missile section is sliding on the blade, the 

distance between the forward point of section L and its Impact point is 

set equal to zero in array element DFB(L). The chordwise distance DELTA (L) 

from the node corresponding to XM(JC) to the Impact point is now calcu- 
late(d from 

DELTA(L) - [XI(D - X0(JC)]2 + [yi(l) - Y0(JC)]2 
Because of the arbitrary manner of assigning the value of Y(L) to YI(L) 
or X(L) to XI(L) it is possible that the impact point can be close enough 
to node (JC + 1) so that the Impact can be considered to occur on blade 
segment JC + 1 rather than JC. This condition is indicated, for THETA(JC) 
less than zero when YI (L) is less than Y0(JC + 1), and for THETA (JC) 
greater than zero when YI(L) is greater than Y0(JC +1). If either of 
these conditions occurs, the program assigns: 
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= XO(JC + 1) 
YI(L) = YO(JC + 1) 

XNEAR(L) = XM(JC + 1) 

IHIT(L) = (JC + 1) 

ISLIDE(L) = 0 

and DELTA (L) = Q, 


Note that in this case, the impact point does not lie exactly on the 
centerline connecting the for..ard and aft points of .lasile section L. 
using the distance between the points [X(L), Y(L)] and 

6a(L). YI(L)] for DI'B(L), the program calculates the projected distance 
in the direction of the missile centerline, i.o. 

DFB(L) = [X(D - XI(L)]2 + [Y(D - YI(l)]2 

Now the angle between the missile centerline and the line joining the ^ 
impact point and fon*ird point is calculated: 

DALPHA = COS-1 [X(D - Xia)]/DFB(L) ^ 

The projected distance is then given by 
DFE(L) = [dFB(L)] X Cos [beta - DALPHA] 3 1 7 (e) 

However, if DFB(L), as calculated in equation 3.1.7 (c), is less than 
1 X 10-5, the program arbitrarily assigns DFB(L) a value of zero. In 
oi-Her to locate the center of impact of missile section L on the planform 
geometry, one more parameter, GAMMA(L), must be calculated. This is the 
chordwise location of the impact point on the planform geometry, l.e., 
*^AMMA(L) XNEAR(L) + DELTA(L) 

3.1.7 (f) 

b) ImpacC angle is not shallot>^ 

In this case, the program uses the relation 2.1.3 (f) to calculate the 

impact coordinate XI(L). If THETA(dC) is within ±1.7 X lo3 of r/2 then 

V1(L) is determined by equation 2.1.3 (c). Otherwise, Y1(L) is calculated 
by equation 2.1.3 (e). 




In addition, the program calculates 
XNEAR(L) = XM(JC) 

DELTA(L) = [XO(JC) - XT(L)]2 + [YO(JC) - YI(L)]2 
DFB(L) = [XI(D - X(L)]2 + [YI(D - Y(L)]2 
and GAMMA(L) = XNEAR(L) + DELTA(L) 

After all mxssile sections have been analysed, the program examines 
Flag IT to determine the direction that the missile will have to be 
moved in order to locate the initial contact points between the missile and 
blade for time step I. If it is greater than zero then the program 
is signaled to move the missile rearward so that all forward points 
of the missile sections are in front of the blade. In addition, 
stored in array element DMAX(IT) is the distance that the missile 
will have to be moved back. 

If IT IS equal to zero then the program is signaled that all forward 
points are in front of the blade and the smallest distance, DFB, is 
stored in array element SDFB(NVA). Thus, depending on the value of 
IT, for each missile section 
if IT>0 

Xa)=X(L)-[DMAX(IT)] [Cos(BETA)] 

Y(L)=Y(L)-[dMAX(IT)] [Sin (BETA)] 

if IT=0 

X(L)=X(L)+[SDFB(NVA)] [Cos(BETA)] 

Y(L)=Y(L)+[SDFB(NVA)] [Sin(BETA)] 

The adjusted values of the elements of DFB are now recalculated using 
the relation 3.1.7 (c). As a final step, the program assigns to the 
Flag II (L) for each missile section L a value of 1 or 0 depending upon 
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3.1.8 (b) 


.rward point is m contact with the blade (DFB(L)=0.) or 
not (DFB(L)=0.). 

3.1.8 Time Step Size 

sing the values assigned to the elements of HIM0DE (Section 3.1 2A) 
an initial time step sise C0NST is calculated. „ jpv is e,ual to / 

(Sectxon 3.1.2G) then the ptogtam calculates a time step that is one’ 
tenth the period associated with HIM0DE(NM), i.e, 

C0NST=27t/ ( lOx[niM0DE (NM) 1) 

3.1.8 (a) 

If IFB is equal to 0 (free vibration), then 
C0NST=2 tt/ (1Ox[HIM0DE(I) ]) 

II.. v.l„. C,„ST 

I... ..... 

using the teiations in Section 2.1.4 the relative impact velocity 

V^a.I) and relative impact angle ALPHA(g) are calculated for missile 
---n i. g, 

for sections with II(L)=1 hv i-k=. 

^ by Che corresponding relative impact 

Dti. t. ^ 

than DT, then DT is assigned the value DTI. 

If II(L)=0.the program calculates the time that it would tahe missile 
sectron L to traverse the distance DFB(i) and assigns this value to DTI 

UTl is less than DT hut greater than DT/2, then DT is assigned the ^ 

value DTI. If pxi is less than DT/2 thp th 

/2, then the program assumes that 

will Impact during this time step and sets ir(L)=l. Note 
that the length of the time step „iU remain unchanged for this case. 
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jgipacting Missile Section Length 

The length of the missile section L that will impact during the time 
step I, VDT(L,I), is now calculated. For missile sections having 
IHIT(L)=0 (section 3.1.7) or II(L)=2 (missile section has completely 
impacted already) or II(L)=0, VDT(L,I) is assigned a value of zero. 
Otherwise VDT is calculated from 

VDT(L,I)=:[VRa,I) ] X[dt]-DFB(L) 2 . 1,9 (a) 

3-1. n Node Pressures Due to Initial Impart 

The program checks the values assigned to flags IFSLD and IIFLG (items 
H and I of 3.1.2). If either of these flags has a value of 1, the 
program will skip this calculation. If both IFSLD and IIFLG are 
different from 1, the program calls subroutine PINIT to calculate the 
inj.tial impact parameters and forces associated with the impact of the 
misjjile sections hitting the blade during time step I. Among the 
variables outputed by subroutine PINIT are arrays NA(I) and ITSLD(I), 
which are used as signals by MAIN in determining the values of IFSLD and 
IIFLG. The value of NA(I) corresponds to the number of missile sections 
impacting the blade during time step I. If the value of ITSLD(I) is 
other than 7, then the program is signaled that the remainder of the 
missile is sliding on the blade. When NA(I)=0 and ITSLD(I)=7, the 
program sets riFLG=i and assigns variable KFIN the value I-l meaning 
that the last impact occurred during Che previous time step. When NA(I)=0 
and ITSLD(I) is less than 7, the program sets IFSLD«1 and variable KFIN=I-1. 
For time steps with NA(I) greater than zero the program sets KFIN=I. 

Until either IFSLD or IIFLG are set equal to 1 each time step has 
associated with it impact parameters describing the size and shape of 
the portion of Che missile that impacted during that time step. KFIN is 
used as in index for the array parameters associated with impacts from 
time steps 1 through KFIN, 
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that Occur..H 

Aevi oiis Tiinp Shppp 

As described in Secrion 3.2.3 the distribution of an impacted portion 
mxssile takes the form of an expanding oval ring. For missile 
P^rtions that have impacted ,he blade during a previous time step the pro- 
gram calculates the average size of the ring during the present time step. 
For the 2-D portion of the ring the location of the inner boundaries 
the distributed mass in the negative and positive sides of the 
flow, relative to the centerline of the expanding ring. is calculated 
by adding half the amount of expansion during this time step (impact 
velocity times half the time step) to the location of these inner 
boundaries as of the end of the previous time step. This value is 
assigned to variable DIST(K) for the missile portion that impacted 
during a previous time step K. For the 3-D portion of the distribution 
bha value of DIST(K) will De used as the average position of the inner 
radius during this time step. The program now calls subroutine PRESUR to 
distribute the pressure at the blade nodes that lie within the distribution. 

For a missile portion that has impacted on the blade during the present 
time step the program calculates the Initial size of the oval ring but 
does not call subroutine PRESUR since the node pressures have already 
bten calculated in subroutine PINIT. 


fn-Flane and Qut-of-piane Node Forces 

Xh. 

Of array Prss contain the values of th» 

PKssn, 
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array 


at the radial station 13. From Section 3.1.2B the elements of 

AAN!3DE(I3.J3) contain the effective areas of the nodes. The components 

of the force at a particular node are evaluated by using the blade segment 

angles in array THETA (Section 3.1.5). Since the blade segment angle of 

blade segment (JC) at the impact radial station (17) is contained in 

array element IHETA(dC), the relative angle of the blade segment containing 

a particular node (J3) at any other radial station (13) is calculated as 
follows : 


At the impact radi station, segment (IC) represents 
equal to [XM(JC+1) - XM(JC) ]/ [}{M(NSTAT) - XM(1)]. 
a corresponding width is equal to the above ratio 
at radial station (13) , or 


a portion of the blade chord 
For the radial station (13) 
times the total chord width 


WIDTH = - XM gc)] * [XN0DEri3 .l TMI - XN0DEfI3 111 

LXM(NSTAT) - XM(D] 

The program now assigns to variable CAMLIM an initial value equal to the 
chordwise coordinate of the leading edge node at radial station (13), i.e. 

CAJiLIM = XNeiDE(I3,l) 

Next, variable WIDTH is calculated using 
XM(JC) -= XM(1) 
and XM(JC+l) = XM(2) 


( j 3) falls within the range CAMLIM and (CAMLIM + WIDTH), then THETA (JC) 
is assigned to variable ANGLE which is used to calculate the components of force. 

If node (13, J3) does not fall within the range, CAMLIM is Increased by WIDTH 
and the process is repeated with 

XM(2) ^ XM(JC) 

and XIi(3) = XM(JC+1) in 3.1.11(a) 
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When the range CAMLIM and (CAMLIM + WIDTH) is found to contain node (13. J3), the 
program now calculates the components of force at the node from the equations: 

P0F8)RC(I3,J3) - -[PRSS(I3,J3)] . [AAN(3DE(I3, J3) • [Cos(ANGLE)] 

where 

PIF0RC(I3, J3) is the in-plane force component 
and P0F0RCE(I3, J3) is the out-of-plane force component at node (13, J3), 


Referring to items H and X in section (3.1.1^ note that the modal displacements 
d stresses at the nodes are stored in arrays that have a different method of 
indexing nodes and components. In order to achieve consistency between the 
arrays PH2. SH2 and the node forces the program assigns the in-plane and 
out-of-plane components of force to array PP(I5.1) and PP(TB,2) such that (I5 ) 
corresponds to the node being referred hy(i 5 )i„ PH2(J6,I5,M) and SH2 (J6. 15, 7) . 

The i„deM36)= 1 refers to in-plane and (J6 )= 2 refers to out-of-plane components, 
in addition, the value of the index in array (PP )ref erring to the leading edge 
node at the impact radial station is assigned to variable (l8 )so that the velocities 
and displacements of the nodes at this radial station can he readily referenced. 

The program also algebraically sums the values of the elements of (PP)and assigns 
the total to variable (FV). (Fv)wiU be used as a flag to determine when to set 
IFV equal to 1 (see item G under section 3.1.2), 

3* 1.14 Modal A nalysis 

The moaal analysis that determines the response of the blade to the force distribution 
at the nodes is performed by calling subroutine M0DAL. Among the variables output 
by subroutine M.DA1 is the array DHF(da.K6) containing the in-piane (36 = i) 
and out-of-piane (36 = 2) displacements of the nodes relative to their coordinates 
Using the value of (E8) ref erred to in section (3.1.12) the program 
calculates the i„-pl.ne and out-of-piane coordinates of the blade nodes along 
the impact centerline from the relations 
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XO(JB) = X^(JB) + DEF(1,I9) 

YO(JB) = Y<jt(JB) + DEF(2,I9) 

.h.r. 

and P9)ls the corresponding index relative to variable (18). 

Xhe program now calcnlatea the total elapsed ti.e b. adding the value oi (PI) 

(sectrons 3.1.8 and 3.1.9) to the previous value in variable TIME. In order 

eo determine whether the entire length oi the .issile has impacted, the total 

number of .itsile sections having either (ll) = i (section 3.1.6) or IHIT = 0 

ion 3.1.7) are suntaedj and the value assigned to variable (CII). The program 
~ C.U. _____ _______ _______ _____ 

tor .hi. 1, 

A ~ This is the first time step (I == i) 

E - TIME is greater than TST0P (item C of section 3.1.1) 

C - I equals ITPRNT (section 3.1.2F) 

In addition, if the value nf frTT^-^^^ i 

of fll).. equal to the total number of missile sections 

program will call subroutine PPIHTP to print the pressure distribution for ^ 

-- time step. If fc„)is less than the total number of missile sections (.VA) 

the program calls PHI.TP whether the conditions A, B or C are satisfied or not.’ 

Next, the value assigned to variable feT?)(section 3 1 = 

/Visecnion J. 1.13; IS compared to zero. 

If fT7)= 0 the program is triggered to set ttFV)= 1 The vel 

i ) 1- The value assigned to variable 

time is now compared to TSTdP t-f hi*TT,« ,* ■> 

ISWF. If txme is less than TST0P the program returns 

to statement 800 to start a new time step, if hm, Ts greater than or equal 
to TST0P the program calls subroutine PRINTR as a final step. PRINTR prints 
the displacement and stress output data for time steps selected by the user. 
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3.2 PIP ^ 3D PRESSURE DISTRIBUTION INTEGRATION 


3.2.1 I nput Variables 

a) A - Thickness of the missile portion impacting the llade. 
h) ALPHA — Impact angle 

c) P0 - Stagnation pressure 

d) GAMDAl, GAMDA2 - Parameters used to define the limits of the 3D pressure 

distribution. (See discussion on the variables \[ and Sections 

2.2.2 and 2.2.3) 

3.2.2 Diocussion 

This subroutine performs a numerical inteo-ratlon of the pressure 
distribution associated with the 3D portion of the distributed Im- 
pacted missile mass. The shape of the distribution is formed by a 
semi-circle of radius [GAMDAl + GAMDA21/2. The routine arbitrarily 
sets the number of integration points to 1352, and evaluates the 
integral using a 2-dimenslonal grid formed by these points. 

Given a rhombic area with comers at points (x, y) , (x+ax,y) , (x,y+4y) 

and (x+ax, y+*y) , the integral of the pressure over this area is 
given by 

I Pda ^ [P(V; y) +3.p(X+A V; yj + 2 P(Xj y-i-A y) 

-fP(y+AXjYMy)J 3.2.2(a) 

where P is the pressure distribution. The value of the integral for 

the entire semi-circular region is approximated by summing the integrals 

of the individual discreet areas over the entire system. 

The value of the integral is assigned to variable TL0AD. 

3.3 LAMBDA - ITERATION SOLUTION FOR X 2 

3.3.1 Input variables 
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a) GAMOAl - Variable xj in Section 2.2.2 

b) del - Ainount of missile portion impacting the blade during the time 
Step of interest. 

02 - 2B Jet pressure distribution deca. parameters in the positive 
and negative sides of the flow separation respectively. 

^ - Distance between the stagnation pressure point and the location of 
the center of force. 

I - Time step increment number, 
f) ALPHA - Impact angle 

S) -- - fl 3 , ,3termining the impact direction. If fsPLl. the flow in the 
positrve srde rs toward the trailing edge. If isplx=-i the flow is in 
the direction of the leading edge. 

geometry coordinate system. 

« n.v ^ 

relative to the planform geometry system. 

Iteration Solution for 

The methodology used to obtain a value for x' is A 

tor X 2 is described in Section 222 The 

toutxne attempts to solve for X^ in 200 iteration st • 

Method. If after that • —S bhe Newton Raphson 

hat point, convsrgencp #t> . 

- -bion has not been achieved the l ^ ^ ^ 

and returns to the calling p " 

exponential terms the pro 

erms, the program is instructed to skin ^ . 

, , tne analysis if the 

absolute value of the argument ic 

sument is greater th^m on r . , 

a; for thl. . " Addition, the value of 

^2 for thxs case xs arbitrarily set equal to zero. T,„> 

inconsistent since large absol ^PProxxmatxon is not 

8 lute values of the arguments in the 

exponential functions represents a . 

a shallow impact angle such that the 

ii^jority of the flow will be in 

e positive direction of the stream 

separation. 
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The value for X 2 i® assigned to variable BESTL. 

3.4 CAMBER - CALCULATION UF PRESSURE EFFECTS DUE TO BLADE CURVATURE 
3.4.1 Input Variables 

a) XN0DE,YN0DE - Planform geometry coordinates of a node, 

b) A,B - Radial coordinate of the limiting bounds for the 2-D portion of the 
Spreading missile mass in the planform geometry system 

c) rSPLIT - see 3.3.1(g) 

d) RM - Thickness of the impacted missile portion that is associated with this 
portion of mass distribution, 

e) ALPHA - Impact angle 

f) SPP - (See 3.3.1(h)) 

g) VDT - See 3.1.6 

h) C0SFEE - Angle with respect to x axis, defined by a line connecting a node 
at coordinates (XN0DE,YN0DE) and the point located at coordinates x = SPP and 

(A if YN0DE > A 
y = { 

(B if YN0DE ^ B 
in the planform geometry system, 

i) VR - Relative impact velocity 

j) DEN - Missile density 

k) NSTAT - Number of chordwise stations at the impact radial station. 

l) DIST - See Section 3.1.11, 

3.4.2 Discussion 

ibis subroutine calculates the average thickness of mass traversing th*. 
node located at planform coordinates (XN0DE, YN0DE) , and, through subroutines 
REGI0N and INCURV, it calculates the pressure over the node due to blade curvature 
For a mass element in the negative side of the flow separation, the thickness for 
the 2D portion is approximated by 

THICK = RM* [l-Cos(ALPHA)] /2 ^ L 
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and in the positive side by 


THICK = m* [l+ Cos (ALPHA)] /2 3.4.2(b) 

For the 3D flow portion the mass thickness is determined from the assumption 
that the average thickness varies inversely with the ratio of the cross sectional 

area of the 3D portion of the unimpacted missile to the area of the distributed 
3D impacted mass, i,e. 


uor. _ impacted 

H3D - — ^ 3.4.2(c) 

VDT TT [(DIST+VDT)2 - (DIST)^] 

Assuming now that the thickness varies linearly with angle along the mean 
radius of the distribution, an expression for the thickness of mass over a node 
lying within the 3D portion of the distribution is written as 


THICK =(H3D) 1+Cos (ALPHA) - 2^:os (ALPHA) Cos“l (CCSSFEE)”] 

— IT — I 


3.4.2(d) 


Referring to the discussion in Section 2,2.4, the routine now calls subroutine 
REGION to determine which curvature region of the blade the node with coordinates 
(XN0DE,YN0DE) lies within. Assigning this value to variable (JCl), subroutine 
INCURV is called to determine the value of the inverse of the radius of curvature 
for the curvature region corresponding to (JCl). Using this value in variable 
(?l)the pressure due to blade curvature is calculated using equation 2. 2, 4(c) and 
assigned to variable PRESSC. 


3-5 RECKON - DETERMINATION OF BLADE CURVATURE REGION 
3.5.1 Input variables 

a) XN0DE - See 3.4.1(a) 

b) NSXAT - See 3.4.1(a) 

c) XCENl, XCEN2 - Arrays containing the planform x-coordinates of the bounds 
of the discreet curvature regions (see 2.2.4 and 3.1.2(c)). 
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3.5,2 Discussion 


This subroutine determines which blade curvature region, as defined by 
XCENl and XCEN2, the coordinate XNCiDE of a node lies within. The index of the 
correct region is assigned to variable JCl. 


3.6 


INCU RV - CALCULATION OF 
TO REGION JCl 


THE INVERSE OF THE CURVATURE RADIUS 


CORRESPONDING 


3.6,1 Input Variables - 

a) JCl - see 3.4.2 

b) XOjYO - Arrays containing the In-plane and out-of-plane coordinates of the 
blade cross section nodes during the time step of interest 

c) THETA - Array containing the relative angles between the blade segments 
and the in-plane axis during the time step of interest, 

3 • 6 . 2 Discussion 

Using the equations and methodology described in Section 2.2.4, the inverse 
of the blade curvature radius is calculated and assigned to variable PI, 


3.7 PRESUR - PRESSURE OVER A NODE 

3.7.1 Input variables - 

a) NR - Number of radial stations 

b) A,B - see 3.4.1(b) 

c) BIST - see Section 3.1.11 

d) ISPLIT - see 3.3.1(g) 

e) SPP - see 3.3.1(h) 

f) SPPl - Planform x coordinate for the center of the oval distribution of 
mass associated with this impacted portion of the missile. 

g) VDT - see 3,1.6 

h) GAMMAl, GAMMA2 - Exponential decay constants in the positive and negative 
flow directions respectively. 
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i) PO “ Stagnation Pressure 


j) 

RM - see 3.4.1(d) 




k) 

ALPHA - Impact angle associated with 

this 

missile 

portion 

1) 

VR - Impact velocity associated with 

this 

missile 

portion 

ra) 

DEN - Missile density 




n) 

NSTAT - see 3.4. l(k) 




o) 

T.IFLG - see 3. 1.2(1) 




P) 

XNte, YNto - see 3.4.1(a) 





q) MAX Array containing the number of chordwise nodes at each radial station 
3.7.2 2D Pressure 

The 2D pressure region associated ^rith an impacted missile portion is 
bounded chordwise by the planform coordinates: 

SPPl “ (DIST + VDT) for the negative flow side 
and SPPl + (CIST + VDT) for the positive flow side. 

For the radial bo-.uds, tt. e 2-D portion extends between planform radial coordinates B 
and A. In addition, for the distribution consisting of a void (see Section 2.2.3) 
the inner chordwise bounds of the distribution are SPPl-DIST in the negative 
side and SPPl -t- DIST in the positive side of the flow. Having located the 
boundaries of the 2-D portion of the impacted mass the routine determines 
which nodes fall within this region and calculates the pressure accordingly. 

The value of this pressure is assigned to array element PRESS(I3, J3) corres- 
ponding to the node located in radial station 13 and chordwise station J3. 

3-7.3 3D Pressure 

The bounds of the 3D portion of the distributed mass are determined by semi- 
circles of radius (DIST + VDT) centered about the coordinates 

(SPPl, B) for the portion below the centerline 
and (SPPl, A) for the portion above the centerline, 
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For rhe inner bound due to the forn,ation of a void the red- • 

vuxa, tne radius is taken 

- Si„.iiar to the 20 portion described in 3.7.2. the pressure 

- determined for nodes failing within the bound of the 30 distribu- 

the value assigned to array element PRESS (13, J3), 

3-7.4 Camber Effer^■Q 

■r^e routine now calls subroutine to calculate the additional pressure 

over a node due to hlade curvature, xhe output value of the camber pressure 
-ored in variable PRESSC, is added to the value in PRESS 33). 

Array PRESS will be used In subroutine PRINTP further on in the program 

- print the pressure distribution. Eor use in the calculation of nodal 

loadj as described in Section i 7 to 

- .12, the program assigns the values in PRESS to 

corresponding elements in array PRSS. However, for nodes 13 J3 

lur noaes 13, J3 corresponding 

0 the void oC a mass distribution, the element PRSS (13, J3) maintains a value 
of zero. 


blade RESPO.Sp rn . 


DURING A TiMi- stkp 


'UAUb UN THE RT.Anir 


3-8.1 Input variahlP^ 

a) MM - Number of modes to be used 

b) NSTAT - see 3.4, l(k) 

c) NN - Total number of nodes dercilbing the blade 

d) 18 - see 3.1,13 

e) FV - see 3.1,12 

f) T - Time step size 


3-8.2 Discussion 

The methodology used in determining the displacement, velocity, 

and stress response at the nodes of the blade is described in 

Section 2.3. The coefficients in equations 2.3. l(p) are first calculated 
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using the time step length T. The generalized displacement and velocity 
coordinates, QI and QDI, are now calculated and their values set to 0 and QD 

respectively. Q and QD will be used In the next time step as initial conditions 
for the calculation of QI and QDI. 


The displacement, velocity, and stress 
relative to their values at time zero, 
equations 2.3.1 (q) and (r) , as fol 
in-plane disp.lacement at node JB 

out of plane displacment at node JB 

in-plane velocity at node JB 

out of plane velocity at node JB 

chordwise stress at node JB 

radial stress at node JB 

shear stress at node TB 


components for each node JB, 
are now calculated, based on 


DEF(1,JB) = X[PH2a,JB,I6)][qi(16)] 

if of 
modes 

DEF(2.JB) = F[PH2(2,JB,I6)][QI(I6)] 

if of 
modes 

VEL(1,JB) = i:[PH2(l,JB,16)][qui(16)] 
if of 
modes 

VEI.(2,JB) = T[PH2(2,JB,lS)][QDI(I6't'' 
if of 
modes 

STRSSa.JB) = Z[SH2(1,JB,I6)][QI(I6)] 
if of 
modes 

STRSS(2,JB) = E[SH2(2,JB,I6)][Q1(I6)] 
if of 
modes 

STRSS(3,JB) = E[SH2(3,JB,I6)][QI(I6)] 
if of 
modes 


The index 16 corresponds to mode number. 
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3.9 PRINTP - PRESSURE DISTRIBUTION PRINTOUT 

3.9.1 Input variables 

a) I " Time step increment 

b) TIME - Absolute time at which these pressures are recorded 

c) NR - Number of radial stations 


3«9.2 Discussion 

In order to minimize the amount of printout, this subroutine determines 
the number of radial stations that contain nodes which lie within the pressure 
distribution during a particular time step. Only the radial stations lying within 
the upper and lower radial bounds of the pressure distribution will have the 
pressures at their corresponding nodes printed. In addition, for time steps 
during which the pressure on the blade is zero, the routine instructs the computer 
Co print a message Co the user accordingly. 


P^SPLACEMENT A ND ST RESS OUTPUT DATA ARRANGE^^ENT AND STORAGE 

3.10.1 Input variables 

a) I - Time step increment 

b) TIME - Absolute time 

c) IPDEL - see 3.1.i(k) 

d) ITPRNT - see 3.1.2(f) 
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e) NR - Number of radial stations 

f) 17 - Index of the impact radial station 

g) DEF, VEL, STRSS - see 3.8.2 

h) XN!^DE, YN0DE " see 3.4.1 (a) 

i) MAX - see 3.7.1(q) 

3.10.2 discussion 

At the user’s request the MMBl program will print the nodal dis- 
placements and stresses for every IPDEL time step. The variable ITFRNT is 
updated each time this routine is entered by incrementing it with the value 
assigned to IPDEL as described in Section 3.1.2(f), Two formats of data printout 
are arranged by the routine. First, the in-plane and out-of-plane displacements 
and the radial stress at the leading edge, trailing edge and node NJ3(I3) (see 
3.1.1(s)) for each radxal station 13, are arranged in order to print them according 
to their radial location. Second, in order to obtain information about the 
variation of stress and displacement at the impact radius of the blade, the 
stresses and displacements at the ch.ordwise nodes of the impact radial station 
and those of the nearest radial stations below and above the impact centerline- 
are arranged for their printout vs, the planform chordwise coordinates of the 
nodes along the impact radial station. The information for output printout set 
IJPRNT is stored in arrays: 


DEFBT (IJPRNT, 13) - In-plane displacement at node NJ3 (13) 

DEFB0 (IJPRNT, 13) - Out-of-plane displacement at node NJ3 (13) 

SIGMBl (IJPRNT, 13, 1) - Radial stress at leading edge node 

SIGMBl (IJPRNT, 13, 2) - Radial stress at node NJ3 (13) 

SIGMBl (IJPRNT, 13, 3) - Radial stress at trailing edge node 

C0DI (IJPRNT, J3) - In-plane displacement at node J3 of impact radial station 

C0D0 (IJPRNT, J3) - Out-of-plane displacement at node J3 of impact radial station 
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SIGMAl (IJPRNT, 14, J3) 

SIGMA2 (IJPRNT, 14, J 3 ) components of stress at node J3 of radial 

SIGMB2 (IJPRNT, J3 14) station: 

14 -- 1 radial station below impact radius 

14 = 2 Impact radial station 

14-3 radial station above impact radius 

3-11 PRINTR - DISPLACEMENT AND STRESS PRINTOUT 

3.11.1 Input variables 

a) 17 - see 3.10.1(f) 

b) NSTAT - see 3.4. i(k) 

c) NR - see 3.8.1(a) 

d) IJPRNT - Total number of sets of displacement and stress printouts 

e) XN0DE, YN0DE - see 3.4.1(a) 

f) MAX - see 3,7.i(q) 

s) DEFBI, DEFB0, C0DI, C0D0, SIGMAl, SIGMA2, SIGMIU, SIGMB2 - see Section 3.10.1 

3.11.2 Discussion 

This subroutine is called by the main program (Section 3.1.14) after 

ail time steps are completed. The routine will printout the data stored by 
subroutine FRINTV in the arrays listed in 3.11.1(g). 

3.12 PINIT - INITIAL I>EPACT FORCE 

3.12.1 Input variables 

a) NVA - Number of sections describing the missile (see 3.1.1(j)) 

b) BETA - see equation 3.1,2A(c) 

c) 18 - see Section 3.1.13 

d) NSTAF - Number of blade segments at the impact radial station 

e) PPII Numerical value of it = 3.141592654 

f) DEN - Missile density 
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g) I - Time step index 

h) V - Initial impact velocity of missile 

I) 17 - Impact radial station index 

j) DT - Time step size 

k) RIMP - Radial coordinate of impact station in planforra system 

l) NSTAT - see 3.4. l(k) 

m) R^^, XI, YI, IHIT, RL, X, Y, WM - Missile parameters (see Sections 3.1.1 
and 3,1.6 

n) XO, YO, THETA, XM - see Sections 3,1,26, 3.1.2E and 3,1.5 

o) VEL - See Section 3.8.2 

3.12.2 Formation of Impacting Missile Portion 

As noted in Section 3.1,9 each missile section that will impact the blade during 
a particular time step has associated with it an array element II (L) that is set equal 
to 1, Subroutine PINIT initially sums the thicknesses of these missile sections, con- 
tained in the elements of RM, and assigns the value to variable RMl. In addition, the 
number of missile sections making up RMl is stored in variable NA. The 
width of the missile section associated with the greatest value WM is used as 
the width of this missile portion and the value is assigned to variable 1-JMl. 

Thus, similar to the missile sections descril ed in Section 2,1,3, the impacting 
missile portion is described with a thickness equal to RMl and a width equal 
to WMl, The missile p- rtion consists of a 2-D portion of width WMl-RMl and a 3-D 
portion of radius RMl/2. 


3.12.3 Impact location, relative velocity and r elati ve incident angle 

Analogous to the methodology described in Sections 3.1.7 and 3.1.9, associated with 

the impacting missile portion are the parameters: 

XII, YIl - In-plane and out-of-plane impact coordinates 
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XNERLl “Nearest chordwise node to the impact point. 

DLTALl “ Distance between node located at XNERLl and the impact point. 

GlIALl - Planform x coordinate of impact point 

DFBLl “ Distance between the impact point and the centerline of the 
missile portion. 

VRLl — Relative impact velocity 

ALPLl - Relative impact angle 

VDTLl “ Impact length of missile portion 

^*^2,4 Coefficients Associated with the Fluid Jet Model 

As described in Sections 2.2.1 and 2,2.2, the parameters defining the shape of the 
impacting fluid jet are calculated. The location of the stagnation point is 
assigned to variable SPP and the parameter \[ is calculated using equations 2.2.1(g) 
and 2.2.2(c). The routine now calls subroutine LAMBDA to calculate the value for 
^2 which is assigned to variable LAMDLl. 

3'12,5 Impact Force and Equivalent Pressure 

The initial impact force due to the 2-D portion of the pressure distribution is 
calculated and assigned to variable FIMP2D. For the impact force due the 3-D 
portion of the jet the routine calls subroutine PSD and assigns the value to 
variable FIMP3D. The total impact force is thus 

FIMP = FIMP2D + F1HP3D 

As a final step the routine distributes the total impact force as equivalent 
pressures located over the two closest nodes bounding the blade segment upon 
which the center of force is located. 
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3.13 DETAILED FLOW DIAGRAMS 



ROUTINE 
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1. 
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2. 
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3.7 

85 

8, 

MODAL 

3.8 

86 

9. 
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START 

V y 


READ IN THE 
PARAMETERS 


ZERO OUT THE 
MODAL COEFFICIENTS 
Q«0 
QD = 0 


SEARCH FOR THE HIGHEST 
NATURAL FREQUENCIES 


CALCULATE THE 
PRESSURE AREA 
FOR EACH NODE 


CALCULATE THE MODAL PARAMETERS 
VMI = MODAL MASS ARRAY 
BET = MODAL DAMPING ARRAY 
WI = EFFECTIVE DAMPED 

MODAL FREQUENCY ARRAY 


FIND WHICH RADIUS OF THE BLADE 
IS THE IMPACT RADIUS. RIMP. 

AND SET 17 EQUAL TO THE INDEX 
IN YNODE CORRESPONDING TO RiMP 


NSTATs MAX 117)=^ # OF CHORDWISE NODES AT IMPACT RADIUS 
NSTAF = NSTAT-1 OF CHORDWISE SEGMENTS AT IMPACT RADIUS 


READ IN THE X AND Y 
COORDINATES OF THE 
modes DESCRIBING THE 
BLADE CROSS SECTION 
AT THE IMPACT RADIUS: 
X(|) AND y4> 
















SET THE ELEMENTS OF 
THE ARRAY XM EQUAL TO 
THE X COORDINATES OF THE 
MODES DESCRIBING THE 
PLANFORM GEOMETRY AT 
THE IMPACT RADIUS 


FIND THE MID-POINTS OF 
THE SEGMENTS OF THE BLADE 
AT IMPACT RADIUS 


XO = X(t) 
YO = Ylj) 


INITIAL BLADE CROSS SECTION SHAPE 


1 = 0 


TIME STEP 

ITPRNT = 1 


PRINTOUT PARAMETER (PROGRAM WILL PRINT 



DISPLACEMENTS AND 
STRESS WHEN 1 
EQUALS ITPRINT) 

TIME = 0 

IFV = 0 

=> 

IFV WILL BE SET TO 1 WHEN THE MISSILE 
HAS COMPLETELY IMPACTED 

IFSLD = 0 


FLAG TO DETERMINE WHETHER THE IMPACT 
ANGLE IS SHALLOW ENOUGH TO CAUSE SLIDING 
OF THE MISSILE ALONG THE BLADE 
IF IFSLD = 1 THE PROGRAM WILL STOP 

IIFLG = 0 

=5> 

FLAG TO DETERMINE WHETHER ALL MISSILE 
SLICES HAVE COMPLETELY IMPACTED ON THE 
BLADE. 

IF IIFLG = 1 THE MISSILE IS COMPLETELY 
ON THE BLADE. 
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REDUCE DFB 
BY DMAX 



MOVE THE MISSILE 
SECTION BACK ALONG 
ITS CENTERLINE 
BY AN AMOUNT DMAX 


SETSDFB EQUAL 
TO THE SMALLEST DFB 



MOVE THEMISLILE 
SECTIONS FORWARD 
BY THE AMOUNT SDBF 



RECALCULATE 



X ANDY 
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ALPHA = 7T- ALPHA 









MISSILE SeCHON LENGTH 
VR 


^ IS \ 
DTI > DT 


/ IS \ 
DTI < DT 


Dr » DTI 


j— 1 

DT * DTI 

— s*. 




/ANY \ 
/ MORE \ 
MISSILE 
SECTIONS 


for each missile section THAT 
WILL IMPACT DU?<1NG THIS TIME STEP 
CALCULATE THE LENGTH OF THE 
IMPACTING SECTION. VDT 


for missile SECTIONS NOT IMPACTING 
DURING THIS TIME STEP 
VDT = 0 


PRESS* 0. 
PIFORC “ 0. 
POFORC -0 
PRSS » 0. 
PPL = 0. 

PVL = 0. 


FOR EACH NODE POINT ON THE BLADE 
SET 

PRESSURE IFOR PRINTOUT) 

0 IN PLANE FORCE 
0. OUT OF PLANE FORCE 

PRESSURE (TO BE USED IN ANALYSIS) 
temporary PRESSURE PARAMETER 

tempora.-iv camber effect parameter 
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CALCULATE THE POSITION 
OF THE CENTER OF THE 
DISTRIBUTED IMPACTED 
MISSILE MASS. SPP1 (K) 

AND THE INNER RADIUS 
OF THE DISTRIBUTION 
DIST(K) 









UPDATE THE TIME 
TIME = TIME + DT 


DOES 
IFV» 1 





















TO fiOO 
X 


YES 



200 



CALL SUBROUTINE PRINTV TO 
SET UP THE VARIABLES 
FOR THE DEFLECTION AND 
STRESS PRINTOUT 




CALL SUBROUTINE PRINTP 
FOR PRESSURE PRINTOUT 
DURING THIS TIME STEP 


CHECK WHETHER THE ENTIRE 
LENGTH OF THE MISSILE HAS 
IMPACTED 


YES 




lYES 


SET 

IFV 


TELAPS ‘ TIME-DT 


PRINT THE ELAPSED TIME THAT 

IT TOOK THE MISSILE TO 

WASH OFF THE BLADE COMPLETELY 



GO BACK TO 
GOO AND 
BEGIN A NEW 
TIME STEP 


CALL SUBROUTINE PRINTR AND 
PRINT THE RESULTS OF THE 
ANALYSIS 
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CALCULATE THE MASS 
THICKNESS FOR THE 
3D PORTION OF THE 
DISTRIBUTION 
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CALCULATE THE DISTANCE BETWEEN 


I 

CALCULATE THE DISTANCE 

THE NODE AND STAGNATION POINT 

. 1 . ^ 


ALONG X BETWEEN THE NODE 
AND THE STAGNATION POINT 


CALCULATE THE PRESSURE AT THIS 
NODE USING THE 3D EQUATIONS 



Rto- 


CALCULAIB THE PRESSURE AT 
THIS NODE USING THE 2D 
EQUATIONS 


CALL SUBROUTINE CAMBER 



J3 = J3 t 1 

1 ZZUi 



- 84 - 









MODAL 




- 8 . 5 - 










PINIT 
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FIND: 

X NEAR1 


X COORDINATE ON PLANFORM GEOMETRY CORRESPONDING 

DLTAL1 


TO THE BEGINNING NODE ON BLADE SEGMENT JC1 
DISTANCE BETWEEN BEGINNING NODE ON BLADE 

GMAL1 


SEGMENT JC1 AND IMPACT POINT 

X COORDINATE ON PLANFORM GEOMETRY CORRESPONDING 



TO IMPACT POINT 


CALCULATE: 
VRL (I) 

ALPLl (I) => 
VDTL1 (I) 


RELATIVE IMPACT VELOCITY FOR THIS TIME STEP 
RELATIVE IMPACT ANGLE FOR THIS TIME STEP 
AMOUNT OF MISSILE THAT WILL COME ON 
THE BLADE THIS TIME STEP 


APLKI) 

SMALL ENOUGH TO CONSTITUTE SLIDING? 


CALCULATE THE PARAMETER DESCRIBING 
THE GEOMETRY OF THE GENERAL JET 

E => DISTANCE BETWEEN JET CENTER LINE 
AND CENTER FORCE 

G ^ DISTANCE BETWEEN JET CENTER LINE 
AND STAGNATION POINT 
7-j +72 exponential decay coefficient 












88 - 













SECTION IV 


INSTRUCTIONS ON THE USE OF THE PROGRAM 
The MMBI program uses an unformatted method of data input. Individual 
items of data need only to be separated by a comma or blank. However, it is 
recommended that sets of data be grouped together in a manner that allows 
the user to keep track of the number of data points being input per set since 
a missing data item or a misplaced comma (or blank) may result in gross errors 
in the analysis. The inputs to the FOD Impact program are grouped into four 
categories : 

1) Problem definition 

2) Missile description 

3) Modal data 

4) Blade description 

4,1 PROBLEM DEFINITION 

^lMP,TST0P,ALPHAO,XOCL,yOCL,NR,NN,NM,NVA,IPDEL,DEN,ISYM 

1) . V “ Initial missile impact velocity (in/sec) [REAL] 

2) RIMP - Impact radius (in.) [reAL] 

3) TST0P- Total length of time representing the duration of the analysis. It 

is recommended that on the first trial run, the user input a time length equal to 
the blade cord width times the inverse of the cosine of the impact angle, divided 
by the initial impact velocity. If this run is successful the time length 
for subsequent runs should be of a duration sufficient to include the 
impact stage of the problem and the length of time necessary to pass through 
one complete cycle of vibration at the lowest mode of the blade, (sec.) [reAl] 

4) ALPHAO - Initial impact angle. Fig. 6 illustrates the sign convention for 
angles. This angle must be input with a value between 0 and | radians such 
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that the blade chord angle, determined with a vector drawn from the leading 
edge to the trailing edge, must lie between 0 and ^ radians (see Section 2.1,3). 
(radians) [rEAl] 

5) XOCL, YOCL - In-plane, out-of-plane coordinates for the intersection of 

the missile centerline and the blade (see Section 2.1,3). Cin. ) [RJSAL] 

6) NR - Total number of radial stations defining the blade. [INTEGER] 

7) NN - Total number of nodes describing the blade. [INTEGER] 

8) NM - Total number of nodes to be used in the problem. [INTEGER] 

9) NVA - Total number of lengthwise sections defining the missile. [INTEGER] 

10) IPDEL - Number of time steps between each printout of displacements and 
stresses, [INTEGER] 

11) DEN - Missile density. Note that the value input for this item must be such 

that the mass of the missile will be consistent. Thus, if a one-pound 

spherical missile is being modeled the density must be such that when it is 
multiplied by the volume of the modeled missile it will yield one pound. 

LBS-SEC^ 
in^ 

12) ISYM - Flag indicating whether items input in section 4.2 describe a symmetric 
(ISYM=0) or unsymmetric (ISYM=1) missile. If ISYM=0 NVA (see 4.1.9) must be 
equal to 6. [INTEGER] 
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A. 2 MISSILE DESCRIPTION (Fig. 5) 



1) RL(1), RL(2), RL(3), [rL(4)„ RL(5)j RL(6)]*** — Radial distance from nissile 
centerline to centerline of corresponding missile section. Note the sense of 
positive values of radius. (*The number of input items must be equal to 

NVA and the numbering order must be from right to left as per Fig. 5.) (in.) 

[REAi.] 

(** If ISYM=0 there must be three entries input for this variable.) 

2) [RM(1), RM(2), RM(3), RM(4)> RM(5)j RM(6)1*** - Thickness of missile sectlonso Cin). 

[real] (see starred note 4.2.1) 

3) CL(1), CL(2), CL(3), fCL(4), CL(5), CLC6)]*** _ Length of missile sections - 
(in.) [real] (see starred notes 4.2.1) 

4) [DELTL(I), DELTL(2), DELTL(3), DELTL(4), DELTL(3), DELTL(6)]***- Offset of each 
missile section towards aft end from missile center at forward end. (in.) 

[REAL] (see starred note 4.2.1) 

5) WM(1), WM(2) , I#l(3) , WM(4), WM(5), WM(6) — Width of missile sections including 

both the 2-D and 3-D portions. (see section 2.2.3) (in.) [REAL] (see 

starred notes 4o2<.l) 

*** Needed only if ISYM=1 and NVA>3, 
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4,3 MODAL DATA 


^/ilAX(l) ,MAX(2) ,MAX(3) ,MAX(4) , MAX(M) 


U3(1),NJ3(2),NJ3(3),NJ3 (4), NJ3(NR) 


II(1),VMI(2),VMI(3),VMI(4), ^VMI(NM) 


^DR(1),DR(2),DR(3),DR(4),DR(5), DR(NM) 


'W0(1),W0(2),W0(3),W0(4), W0(NM) 


PH2(1,1,1),PH2(1,2,1),PH2(1,3,1), ,PH2 (1 ,NN, 1) , 


PH2(2,1,1),PH2(2,2,1),PH2(2,3,1), ,PH2 (2,NN,1), 


m2a,l,2),PH2(l,2,2),PH2(l,3,2), ,PH2(1,NN,2) , 


PH2(2,1,2),PH2(2,2,2), PH2(2,NN,2) 


PH2(1,1,3),PH2 (1,2,3), PH2(1,NN,3), PH2(2,NN,3),- 


PH2(1,1,NM), PH2(1,NN,NM), PH2(2,NN,NM) 


SH2 (1,1,1), SH2(1,NN,1), SH2(2,NN,1), SH2(3,NN,1), I 


)H2 (1,1,2), SH2(1,NN,2), SH2(2,NN,2), SH2(3,NN,2), 


SH2(l,l,m), SH2(1,NN,NM), SH2 (2,NN,NM) , SH2(3,NN,1-IM) 


L) MAX(l), MAX(2), MAX(NR) - Number o£ nodes at each radial station of 

the blade, [INTEGER] 

MAX <23 

2) NJ3(1), NJ3(2), NJ3(NR) - Index corresponding to the chordwise node at 

each radial station for which the user wishes to obtain displacement and 
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stress output results, (e.g, i£ radial station 6 of the blade has its 
center of twist located at node 7 from the leading edge, the user may wish 
to input NJ3(6) = 7). [INTEGER] 

3) VMI(l), VMI(2), VMI(NM) - Modal mass corresponding to the first, second 

NM modes of the blade. (1<NM^10) [REAL] 

4) DR(i), DR(2), DRO-IM) - Critical damping ratio associated with each 

mode. [rEAL] 

5) W0(1), W0(2), W0(NM) - Modal frequency associated with each mode. 

(I^NM^IO) (Radians/sec) [REAL] 

6 ) PH2(1. 1, 1 ). PH2(1, 2, 1), PH2(1, 3, 1) — PH2(1, NN, 1) - In-plane dis- 
placement components for the first mode at each node of the blade. 

(*The numbering of nodes is row by row from the leading edge node to the 
trailing edge node. Thus the data will be composed of displacements corres- 
pondxng to the nodes of the lowest radial station, then the nodes of the 
next radial station, etc.) [REAL] 

7) PH2 (2, 1, 1 ), PH2 (2, 2, 1), PH2 (2, 3, 1) — PH2 (2, NN, 1) - Out-of-plane 
displacement components for the first mode at each node of the blade. [REAL] 
(see starred note 4.3.6) 

8 ) PH2(1, 1,2), PH2(1, 2,2), PH2(1, 3, 2) — PH2(1, NN, 2) - In-plane displace- 
ment components for the second mode at each node of the blade. [REAL] (see 
starred note 4.3.6) 

9) PH2(2, 1, 2), PH2(2, 2, 2), PH2(2, 3, 2) PH2(2, NN, 2) - Out-of-plane 

displacement components for the second mode at each node of the blade, [REAL] 
(see starred note 4 . 3 . 6 ). 

10) PH2(1, 1 , 3) PH2(1, NN, 3), PH2(2, 1, 3), PH2(2, NN, 3 ), ^ 

PH2(1, 1 , NM), PH2(1, 2, NM) , , PH2(1, NN, NM) , PH2(2, 1, NM) , PH2(2, 2, NM) 

PH2(2, NN, NM) - In-plane and out-of-plane displacement components 
corresponding co each mode at the nodes of the blade. The order of 
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input follows the same as in 4.3.6 thru 4.3.9, i.e. first the in-plane 
components at each node, then the out-of-plane components at each node, 
etc,, etc. for each mode. [rEAl] (see starred note 4,3,6). 

11) SH2(1, 1, 1), SH2(1, 2, 1), SH2(1, NN, 1), SH2(2, 1, 1), SH2(2, NN, 1) 

SH2(3, 1, 1), SH2C3, 2, i), SH2(3, NN, 1), SH2(1, 1, 2), SH2(1, 2, 2), 

SH2(1, NN, 2), SH2(2, 1, 2), SH2(2, 2, 2), SH2(2, NN, 2), SH2(3, 1, 2), 

SH2(3, 2, 2), SH2(3, NN, 2), SH2(1, 1, NM) , SH2(I, 2, NM) , SH2(1, 

NN, NM), SH2(2, 1, NM) , SH2(2, 2, NM) , SH2(2, NN, NM) , SH2(3, 1, NM) , 

SH2(3, 2, NM) — - SH2(3, NN, NM) - Three components of stress at each node, 
for each mode. The order of input consists of first inputting the first 
component (usually chordwise) at each node, then the second component 
(usually radial) at each node, then the third component (usually shear) 
at each node, then repeating for the next mode until all modes have been 
input, [real] (see starred note 4.3.6). 
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4.4 blade description (Figs 1 and 2) 


rN0DE(O 


CN0DE(1,1) ,XN0DE(1,2),XN0DE(1,3), XN0DE(1,MAX(1) ) , 


:N0DE(2) 


An0DE(2,1) ,XN0DE(2,2),XN0DE(2,3), XN0DE(2,MAX(2)) , 

I * ^ ^ ^ ^ J * I < * ( t ) I 1 i / I 1 



^N0DE (NR , 1 ) , XN0DE (NR, 2 ) , XN0DE (NR , 3 ) , XN0DE (NR, MAX (NR) ) 


X0(2), X0(3), - X0 (MAX (impact radial station)) 

|/Y0(1)» Y0(2), Y0(3), “~^Y0 (max (impact radial statiDn)) 


1) YN0DE(1) - Radius of the first radial station. (in.) [REAL] 

2) XN0DE(1, 1), Xiv’0DE(l, 2), XN0DE ( 1 , liAX ( 1) ) - Chordwise coordinates of the 

nodes lying on radial station l.(* Input order is from the leading edge to the 
trailing edge.) (in.) [REAL] 

3) YN0DE(2) - Radius of the second radial station. (in.) [REAl] 

4) XN0DE(2, 1 ), xnODE( 2, 2), — XN0DE(2, MAX(2)) - Chordwise coordinates of the 
nodes lying on the second radial station. (in.) [REAfl (See starred note 4.4.2) 

5) YN0DE(3), XN0DE(3, 1), XN0DE(3, MAX(3)), YN0DE(4), XN0DE(4, 1), 

XN0DEC4, MAX(4), — YN0DE(NR), XN0DE(NR, 1), — XN0DE(NR, MAX(NR)) - Radial 
coordinate of radial stations and chordwise coordinate of nodes corresponding 


to each radial station. Order of inputs is as shown, NR^25. 

(j) X0(1), X§i(2), X0(3), X0(MAX(irapact radial station)) - In-plane 

coordinates of nodes segmenting the blade chord at the impact radial 
station. (see starred note below), input order is from the leading 
edge to trailing edge. (in.) [REAL] 
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7) Y(^(l), Y0(2), Yii^(3), Y^(MAX(impact radial station)) - Out-of-plane 

coordinates of nodes segmenting the blade chord at the impact radial 

station. Input order is from the leading edge to the trailing edge, (in*) 

[real] 

*NOTE: The coordinates X0(J), Y0(J) must be such that 


0- Cos 


-1 


X0(J+1)-X0(J) 


y [x0(m)-X0(J)][ 2 + jj0(j+l)-Y0(J^ 


^ 2 


4.5 OUTPUT 

^•5.1 Pressure Distribution 

During the time in which there remains a portion of unimpacted missile length 
the MMBI program prints out the pressure distribution for each time step, lichen 
the entxre length of missile has impacted the blade, pressure printout is 
performed for every IPDEL time step until the final TST^P is reached. In 
addition, when the pressures on the blade have reduced to a negligible amount , 
the program prints out a message to the user indicating the time 
elapsed to complete the impact phase of the problem. If the value of 
TST^P is reached before the pressures on the blade have reduced to negli- 
gible values, the program prints out a message informing the user that 
the lengi.h of time allotted to solve the problem is too short. 

^•5,2 Poor Convergence in Subroutine LAI-IBDA 
As mentioned in Section 3,3.2, the program is instructed to print a warning 
message informing the user that it was unable to converge to a one percent accuracy 
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for the definition of the impacted missile mass shape- The best accuracy achieved 
is printed and the program will continue with the analysis. Generally, accuracies 
within 5 percent are acceptable, and accuracies greater than 5 percent are 
indicative of an error in the inputs with respect to missile shape (see 4.2). 

^•5*3 Displacement and Stress 

In addition to printing out the displacement and stress output for 
each IPDEL time step, the program will print the displacements and 
stresses for the first and last time steps of the problem. Displacement and 
stress output is printed in two configurations. The in-plane and out-of-plane 
displacements at the node NJ3 (see 4.3.2) of each radial station are printed out 
vs. the radial coordinate of the radial station. In addition, the stresses in 
the radxal direction at the leading edge node, node NJ3, and trailing edge 
node of each radial station are printed out vs. the corresponding radial 
coordinates. Note that in order for this printout to be successful the user 
must input the proper component of stress as mentioned in 4.3.11. The second 
configuration of displacement and stress printout consists of tabulating this 
data with respect to the chordwlse distance relative to the leading edge at the 
impact radial station. The in-plane and out-of-plane displacements at the 
nodes lying on the impact radial station are printed out versus their chord- 
wise distance from the leading edge. The program then prints out the chord- 
wise (STRESS-X), radial (STEESS-Y), and shear (SHEAS-XY) stress components at the 
nearest radial station below the impact radius, the impact radial station, and 
the nearest radial station above the impact radius, for chordwise distances 
relative to the leading edge. 
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SECTION V 


DEMONSTRATION PROBLEMS 

As noted in the introduction to Section II, the MMBI program 

solves the problem of missile impacts on. blades in three separate 

phases. The demonstration problems presented in this section 

illustrate the program's ability to handle the missile and blade geometry 

and its analysis of the pressure distribution associated with the impacting 

missile. Presented in Section 5.2 is a complete modal response analysis 

of a soft body impact on a blade. 

5. 1 impacts on Rigid Plates 

The impacting missile used in these analyses is a 600 gram^cylindrically 
shaped mass with a 2 to 1 length to diameter ratio, impacting thr target 
at a velocity of 7800 in/sec. Specifically, the length of the missile 
is 5.8 in,, making the density 8.89xl0“5 28 illustrates 

the parameters used in modeling the missile for the program. 

Since the target is rigid, the modal displacements are set to zero. In 
addition, only one mode need be used, with a frequency chosen such that 
the time step sizes calculated by the program will be sufficient to 
illustrate the variation of the pressure distribution with respect to time 
and target surface. Since the length of the missile is 5.8 in., the 
frequency is chosen as 8449.8 rad/sec. The program will calculate a time 
step from 

2tt / 

.t = = 7.4359x10"^ sec 

^ 10x8449.8 

(see Section 3.1.8) 

The length of missile that will impact during each time step will then be 
VAT = 7800x7.4359x10"^ = .58 in. 

It will therefore take 10 time steps for the missile to impact the blade 
at an impact angle of 90 degrees. 
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The program was run using impact angles of 25°, 45° and 90°. The 
results were then compared to experimental data reported in Ref. 20 
on similar impacts. Table III summarizes the results which are plotted 
in Fxgs. 29, 30 and 31. Generally, the data points are shifted toward 
the stagnation pressure point by .75 inches. The general shape of the 
distributions for both the calculated and observed results are similar. In 
the case of the 25 degree impact the correlation is poor for points near 
the center of impact lying along the minor axis. However, the relative 
values for the data points located at the center of impact and at a 
radius of .46 inches in this case 

from the center to the outer point. This result is contrary to both theory 
and to the rest-Tts for the 45 and 90-degree cases, indicating that the 
test data for pressure ratios along the minor axis in the 25-degree case 
is questionable. 

5.2 30-DEGREE IMPACT OF A 1 LB. SPHERE ON A FLAT PLATE SIMULATED Q-FAN BLAD E 
Fig. 32 depicts the model used in perfoming this analysis. The blade 
consists of rigid steel plate bolted on a titanium spar between the 26-inch 
and 33.75-inch radial stations. The plate measures 10 inches between the 
leading edge and trailing edge, is flat on the impact face, and tapers on 
the rear (or spar) face from a nominal thickness of .31 inches at the 
center of twist to a thickness of ,14 inches at the leading edge and ,080 
inches at the trailing edge. The leading edge is located a distance of 
4.6 inches from the center of twist and is parallel to the spar’s twist axis. 
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The missile is a 3. 75-inch diameter sphere weighing 1 lb. and impacting the 
plate with a velocity of 600 ft/sec. at a 30° angle to the plane of the plate. 
Figs, 33 and 34 show the dimensions of the model depicting the missile. 

The modal data used in the problem includes the first five modes of 
the blade. Since the plate is relatively rigid it was felt that 
these lower modes (i.e. the first three bending and the first two 
twisting modes) would be sufficient to obtain the data necessary for 
comparison with test results. Due to the lack of a good finite element 
model for the blade, consisting of a dimensional plate element, the 
modal data was obtained from a beam analysis eigenvalue solution. The 
results of this normal modes analysis was then used to determine the 
displacements of the plate nodes relative to the point of the plate 
located at the impact radius and the center of twist. Since the plate 
is relatively rigid this approximation should not impose any gross 
errors. In addition, the loads calculated by the program are maximum 
along the impact centerline and decay rapidly with distance from the im- 
pact centerline, thus reducing the effects of errors in the mode shapes with 
respect to tpe blade response. Below is a summary of the medal data. 


MODE 

SHAPE 

1 

FREQ.fHZ) . 

^DISPLACEMENTS 

TWIST 

IP 

OOP 

IMPACT STATION i 

BLADE TIP 

1 

BENDING 

69 

.383 

.310 

-.0407 

-.108 

2 

bending 

139 

-.205 

-.116 

-.0169 

-.231 

3 

3^^ BENDING 

231 

.375 

-.515 

.0237 

-.191 

4 

TWIST 

244 

.0131 

.129 

.297 

.0861 

5 

i 

2nd XWIST 

360 

-.269 

-.624 

.217 

.514 


*At the impact radial station and center of twist 
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The impact station is at the 30-in. radius and the center of the missile 
Impact is .6 inthes off the center of twist towards the leading edge. A 
listing of the input data is presented in Table IV and the output results 
of the program are presented in Appendix G. Presented in Fig. 35 is a 
Plot of the calculated flatwise displacement response at the blade tip 
and the corresponding test data. The test data indicates the presence of 
gher mode contributions to the displacement response of the blade, how- 
ever, these contributions are minimal. With respect to the duration of 
the response and the general shape of the curve, the o.rrelation between 
calculated and test results is very good. The peak displacement predicted 
by the MMBI program is within 6.7% of the test results. 


Fig. 36 shows the calculated response of the blade in twist at the im- 
pact radius and the test data for twist response of the blade at the blade 
tip. Although the two sets of data cannot be directly compared, several 
encouraging conclusions can be dra,vn from their relative shapes. First, 
note that for the initial rise of the response and for the fall off after the 
peak, there is good correlation. This is consistent with the fact that the 
blade response during these time intervals is mostly due to the lower 
twist modes. The break away of test results from the calculated curve 
indicates, as with the displacement response, the presence of higher 
modes. Furthermore, noting that the modal data input to the program is 
based upon a rigid body transformation of the plate with respect to a 
point at the impact radius, and considering the summarized modal data, it 
can be seen that there is a sharp transition in the twist mode shapes 
between the impact radius and the tip r.idius. The MMBI program predicted 
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that the missile mss washes off the blade 1 millisecond after the 

initiation of impact. It would therefore be expected that the blade twist 

response will include the higher modes after this time as is illustrated 
by the test data. 


It should be noted that the effects of blade camber on pressures are 
not present in this analysis since the plate motion is virtually rigid. How- 
ever, the significance of this demonstration problem lies in the ability of 
the MMBI program to couple the effects of a variable sized and shaped 
missile with the modal characteristics of the impacted blade. The 

program was able to predict within acceptable accuracy, the response of 
the blade subjected to a nonlinear load. 


5.3 RECOMMENDATIONS 

In its present form, the MMBI Impact program combines the effects of coupled 
modal response with a time variable missile model. Although the demonstra- 
tion problems presented in Sections 5.1 and 5.2 provide an insight to the 

capabilities of the program, it must be pointed out that a thorough evalua- 
tion of the program is still warranted. 


As a first step, it is recommended that the results from available test 

data on missile impacts of real fan blades be compared to corresponding 

analyses performed with the program, e.g. missile impacts of the 3A Q-Fan 

Demo Blade performed for NASA Lewis by Hamilton Standard under Contract No. 
NAS3-17637. 
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Second, since successful design techniques require the analyst to conduct 
parametric studies on proposed designs, the evaluation of the program with 
respect to parametric applications is of importance. 


As an outgrowth of these studies, improvements on the present modelling 
could be accomplished, such as: 

1) The development of a technique for integrating the pressure 
distribution over the surface of the blade. Such a method has 
already been partially developed. 

2) The inclusion of Hugonoit pressure for the initial shock force 
developed prior to steady flow, 

3) The inclusion of an Internal preprocessor for extracting the eigen- 
values and eigenvectors associated with the blade. The procedure 
for inputing the modal data into the program is a cumbersome task 
due to the large volume of data that is associated with most blades. 
Errors in transmitting the data from an external modal preprocessor 
to the MMEI program can be incurred if extreme caution by the 

user is not exercised. 


It is to be noted that the present version of the program does not account 
for the non-linear behavior of blades subjected to impacts. The expansion 
of the program to include the effects of large deformation, non-linear 
elastic-plastic material behavior, and as a final step, inhomogeneity, would 
be a significant improvement. The methodology used to determine the variation 
of impact load with respect to time and blade surface would be analogous to 
that used by the present version of the program. However, rather than purely 
time stepping through the problem with a single solution set for the modal 
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response, a time step integration technique can be developed such that the 

generalised coordinates corresponding to the modes of the system are solved 

for during each time step. This releases the constraints that the transient 

forcing function on the system, and that the material and stiffness properties 

of the system, be relatively smooth functions with time. A similar method 
is presented in Ref. ?.l. 


An additional area of interest, in which the FOD Impact program could be a 
useful tool, concerns the subject of failure analysis. The development of 
the program’s capability to handle delamination and fracture damage could be 
implemented using the methodology described above. These developments would 
necessitate further efforts in the improvement of the missile model. Since 
fracture damage constitutes discontinuities in the surface of the blade, the 
improved missile model would be required to respond to these discontinuities. 
Such a model can be developed by using a non-linear, semi-solid, theoretical 
substance such as Mooney-Rivlin material. 


The improvements mentioned above cover a very broad and general scope of 
developmental work. Certainly, the area of program evaluation is a task which 
should be afforded immediate attention. The remainder of the recommendations 
constitute multiple task efforts that can be expended as longer range developments. 
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TABLE!. EXPERIlVIEiMTAL IMPACT DATA 


AUTHORS 

MEDIUM 

DESCRIPTION 

IMPACT ANGLES, 0.'^ 

W. SCHACH 
REFERENCES5&7 

LIQUID 

2D AND 3D OBLIQUE JETS 
IMPINGING PLANE 

30. 45, 60,75,90 

J.F. FOSS&S.J. KLEIS 
REFERENCES 13, 14. 15 

AIR 

3D OBLIQUE JETS 
IMPINGING PLANE 

3. 6.9,12,15. 30. 45. 60 

A. LECLERC 
REFERENCE 12 

LIQUID 

3D NORMAL JET 
IMPINGING PLANE 

90 

G. TAYLOR 
REFERENCE II 

LIQUID 

3D COLLIDING OBLIQUE 
JETS 

30.45.60 

T. STRAND 
REFERENCES 5. 16 

LIQUID 

3D NEAR NORMAL JETS 
IMPINGING PLANE 

80 & 90 

R.L. PETERSON & J.P. BARBER 
REFERENCE4 

BIRD 

BIRDS OBLIQUELY 
IMPINGING PLANE 

25. 45,90 

J.P. BARBER & J.S. WILBECK 
REFERENCE 19 

BIRD 

BIROS OBLIQUELY 
IMPINGING PLANE 

25, 45 


“ 109 - 




















■on 


TABLE ii 

REL ^ '.or (SHIPS FOR 2D, 3D, AND GENERAL SYMMETRICAL MISSILE MODELS 


I 


I 


1. FORWARD FLOW AREA 


2. PRESSURE DISTRIBUTION 




3, DECAY COEFFICIENTS 


4. DEFLECTED THICKNESS 

5. FORCE FROMJETI^ 

6. STAG. PRESSURE FROM FORCE 

7. STAG. PRESSURE FROM JET 
1 + lwP2/(dL/dX)3) 


wa 

= — (1+cosa) 

2 




(P2/P3I+ IwPa/ldL/dXjgl 


^2 - , ,T. : . : -f 


1 + A2/A3 


(P/P^} = [2_B-fx/Xl ] 


1 a 

\i/a « — < 1 ) SIN a 

3 7T 

a 

Xn/a “ SING 

37T 


S/a] =— 11 tcosai 

2 


(e/aU= — COT a 
2 


14 2G 

|f/aU= — (1 ) SING 

9 7T 


1 28 2 G 

ig/aU »—[ COTG+ — ( 1 1 SIN Gj 

2 9 7T 


1+ t {dL/dX)3/wP2l 

(P3/P2) + { ldL/dX)3/wP2l 

1 + A3/A2 


7Ta2 a SIN2G 

A%= (1- — + ) 

4 7T 27T 


(P/P„) » [2-e“«>‘/X|2 j 

o 3 


^ - 4 SIN^G , =- 

X/ar ;iv/l-{COS i//COSgK 

3 (1-COS i//cosa)2 


8/s 


(a/a>3 = 


SIN G \2 


2X \l-COSI^COSG 
4COTG 

3 7T(H-v/ SING) 

2.3 2 G 2 G 


SING 


27 


0.1 SiN2G 


(f/a)- = — (1 ) [1-(1 ) ] + 


(9/3)3 = (0/3)3 + {f/a)3 


A^ “ A^2 


P/Po=r3 (P/Pol^+r2 (P/P^l^ 


(6/a)=jU3 (6/3)3 + iU2( 6/3)2 
A2 (e/a)2 + A3 (3/3)3 


(e/a) *® 


^2 *3 


(g/a) 


(9/3)3 A3 + (9/3)2 A2 


A3 + A2 


NOTE: P 3&63 ARE VALUES FOR l//=0 

7T/2 

(dL/dX) 3 » 2 / xPgdi// 




[ (5/al2/(5/al3 1 + A2/A3 {(6 /a )3/(6/a )2l + A3/A2 


MINOR AXIS MAJOR AXIS 


TABLE III. PRESSURE RATIOS FOR 25,45 AND 90 DEGREE IMPACTS 
OF CYLINDRICAL MISSILES ON RIGID PLATES 



““FROM REF. 2. 







TABLE IV 

INPUT DATA TO MIWBI PROGRAiVi FOR ANALYSIS OF A 30 DEGREE IMPACT 
OF A 1 LB. SPHERICAL MISSILE 


TSQ FOREGROUNb HARDCOPY 
DSNAME=TSOG02I.DEM07.DATA 
V lRIMP|TSTOP|ALPHAOiXDCL!YDCl.|NR|NN|NM|NVA| 
7260.0,30.0, .0500, . 5236 , ^ .5<i60 , 3.7705 , 8 , 120, 5, 6. 

RL X. 5625,. 05,. 325, -.325, -.95, -1.5625, 

RM -625,.60,.65,.65,.60,.625 
CL 2.10,3.26,3.75,3.75,3.26,2.10, 

DELTL .825, .2*^5, 0.0, 0.0,. 2<i5,. 825, 

WM 2.10,3.26,3.75,3.75,3.26,2.10 
MAX 8K15 
NJ3 8*0 

VMI .00‘58558, .00^2763, .009889, .0102230, .0233^ 

DR .035, .035, .035, .035,. 035 

93 3. 500. 673. 3900, 14s5. 0,1533. 100.2262.0 


ipdelIden 

2, 9.688-5,1 


h- 

2 

lU 

S 

UJ 

u 

< 


0.970906E-01 0.603713E-01 0.771965E-01 0.939220E-01 0.110697E+00 
0.127973E+00 0.19929SE400 0.161029E+00 0.177799E+00 0.199575E+00 
,^21S3<iOE + 00 0.296299E + 00 0.274258E + 00 0.302217E + 00 0.3266S1E + 00 
0.122718E + 00 0.135999E + 00 0 . 15277'4E + 00 0.169550E + 00 0.186325E + 00 
0.2C3100E+00 0.219876E+00 0.236651E+00 0.253927E*00 0.270202E+00 
_0_.293967E + 00 0.321926E + 00 0.399S66E+00 0.37789SE400 0.902308E + 00 
0.198396E+00 0.211627E+00 0.226 m 02E+00 0.295177E+00 0.261953E+00 
0.278728E+00 0.295503t‘00 0.312279E+00 0.329059E+00 0.395830E+00 
^.36959Ij'-*00 0.397559E400 0.925513E+00 0.953972E*00 0.977936E + 00 
0.273?7‘+t + PO 0.287C5 hF. 400 0.309030E*00 0.320S05E + 00 0.337580E + 00 
').35955tE + 00 0.371131E + 00 0.387907E + 00 0.90 m682E400 0.921957E + 00 
^9h5223E*00 0.973162E + 00 0.501191E400 0.529100E + 00 0.553569E + 00 
0.330699E+00 0 . 393975E400 0.360750E+00 0.3775C6E+00 0.399301E+00 
0,911077E+00 0.92765CE+00 0.999627E+00 0.6619C3E400 0.978178E+00 
_0^.5019«?E400 0.529903E400 0.557862E400 0.535321E400 0.610285E + 00 
0 ,A063L:>:400 0 .91'>60 3E400 0.936378E400 0.<453153E + 00 0.469O?9E + 00 
0.966709E400 0 .503979E400 0.520255E400 0.537030E+00 0.553506E+00 
£^577&71E400 0 . o 05530E 400 0.6339S9E400 0.661998E*OC 0 . 685913E4-00 
0.4819.,9E40i; 0.-495230E400 0.512005E400 0.528781E400 0.5 h 5556E400 
0.562332E400 0.579107EfOO 0.595S83E+00 0.612658E+00 0.629933E+00 
£.6531992,00 O.&ailSStfOO 0.709117E400 O.737076E*0u 0.761590E400 
0.557577E400 0.570S58E400 0.5S7633E+00 0.60 m909E400 0.621189E+00 
0.637959E400 0.659735E+00 0.671510E+00 0.6S6286E400 0.705061E+00 
£728S26E4Q0 0.756785E4Q0 0.78974SE4Q0 O.612709E4-0Q 0.637168E400 


4' 


0.526303E-01 0 . 383952E-01 0.2090AOE-01 0.241280E-02 -.155785E-01 
--335697E-01 -.515609E-01 -.695521E-01 -.875432E-01 -.105534E400 
1310"2E>00 -.161007E400 -.190993E400 -.22097SE400 --297215E400 
-.167010E-01 --329<,40E-'01 -.509355E-01 -.689265E-01 -.669179E-01 
-.109909E+00 -.122900E+00 -.190891E400 -.156SS3E+00 -.176S79E400 
j_. 202361E400 -.2i2j96E*0O -.262332E + 00 - . 292317E4-00 -.31855 mE 400 
-.9O0402E-01 -.104283E400 -.12C275E400 -.140266E400 -.158257E+00 
-.3 762A8E400 - . 19.^,259E4i)0 -.212231E + 00 -.230222E400 -.298213E400 
^27:i700E + 00 -."03686E400 -.333671E + 00 -.363656E + 00 -.3a9894E400 
-.16pS0E4jo -.175623E400 -.193619E400 - . 211605E4-00 -.229596E + 00 
-."■475pEtOO -.265579E400 --283570E400 -.301561E400 -.319552E + 00 
_2;,345040E4 00 -.375025E400 -.905011E400 -.439996E*00 -.961233E + 00 
-.2198S9E:00 -.229127E400 -.C97118E+00 -.C65109E400 -.283101E+00 
-.301092E400 -.319083E400 -.337079E400 -.355066E400 -.373057E+00 
^3985A4E4fl0 -.42C530E400 -.458515E + 00 -.48S500E400 -.514738E400 
-.286223E400 -.300966E400 -.318458E400 -.336449E+00 -.354440E+00 
--372431E400 -.390922E400 -.408919E+00 -.926905E400 -.494396E+00 
^969809E400 -.499869E400 -.529859E400 -.559890E400 -.586077E+00 
-.357563f*0D -.371306E400 -.3S9797E400 “.907788E+00 - .425779E+00 
-.443770E+00 -.461762E400 -.479753E400 -.497799E400 -.515735E400 
_^5‘4l223E+00 -.571208E400 - .60119sE 400 -.631179E400 -.657416E400 
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MODE I? ^ 


OOP DISPLACEMENT [ IP DISPLACEMENT 


TABLE (V (COMTIMUED) 


0 


-.> i2090ZE*00 - 
-.515U0E«00 ~ 
-.61g562E«00 - 


.^^ 31 ‘^ 5E + 00 - 
.533101E+00 - 
. 0 ‘* C547E*00 - 


-.213‘*93E + 00 

- ■ lMg39f . E*00 
-.C2‘*593E*00 
-.19.«035E400 
> . 159M»^g£-fOO 

-.:3r.&93E + 00 
-.C05135E400 
-.1705'?SE*00 
-.C->fr793E*00 
-.C1623SE*00 
jv^1316<5 7E400 
-. C55117E+00 
- . L2•^5^^E4 00 
1«JOO:2E«00 
-.:66217E*00 
-.2356frC£400 
_^ roiiccE*oo 
-.2/7517t400 

j ^ Z12272E*00 

-. 2ef '‘ U7E400 

- . C573c.CE ♦ 00 
-.CC31C1E400 


.S61136E+00 - 
.5510‘5CE«00 - 
.67C533E400 - 


.<*791C7E*0O - 
.569003E400 - 
•70C516E400 - 


. C03 ‘ 4 -. 5E400 “ 
. 1 765 & CE4 00 “ 
.137770E+C0 - 
. C195 h 5E*00 - 
,1376c>lE400 - 
. 1 ‘* 3370E400 - 
. C3Dtw5E400 - 
. 1937olE*00 - 
.159970E4C0 - 
. C‘»l 7.j-'<E *00 - 
.CO<’3blE*00 - 
• 17106OE400 
. C50069E400 
.CI3136E+00 
.iroi^.iEU'O 
. C6 UoQE 400 
, C : qC 35E*00 
. I90s'^•^E + 00 
.c7cc<<«r«oo 

.C-<0335t »00 
. C0J59 . iE *00 
. C & 33 ^ 3l♦00 
. C5 iHv’L'f, 4 00 
.ClC&‘5^E»0i) 


0.107^33E400 0.131313E<00 0 

1 I 0 . 1mO57‘3E400 0.1h139oE 400 0 

_0_.10hl3(»E400 0.9r330E'E-0I 0 
0.235533E400 0 . 1 7«5Co3E » 00 0 

2 I 0.1473C9E400 0 . 1 393-*6E 4 DO 0 

0 _^ 10 * t03 ^ E400 0 .« 307609E-CH o 

0. 1335331400 0.177C13E400 0 
0 . 1i » 5C79E4D0 0 , 137C ‘ 56E400 0 
£^10C03i«E400 O.S07309E-01 O 
0.132963E400 0 . 1 751e*3E 4 00 0 
0. 1‘<3CC9E< 00 0 . 1 3f>Cs^E400 0 
£.99<336<iE-01 0.S6o6C3E-0l 0 
0.179 <Sm3E400 0.173C'C5E*00 0 
0,1h16OCE»00 0.13370‘5E*00 0, 
£^90‘4*iS9E-01 O.651h33E-01 0 
0.1773‘35E400 O.171575E4O0 O, 
0.13«6mCE 400 0.131653E400 0, 
0.963«8‘3E-01 0.330933E-01 0, 
fm753s5E400 0.1695C5E4C0 0, 
0.13759CE400 0 . I C9609E ♦ 00 0. 
£^ 9 m 3969E-01 0 . 010M3HE-01 0 , 
0.173795E40Q 0 . 16 7'* 75f + 00 0. 
0.1355 sCE 400 0.1C7559E«00 0. 
0.9CCQ8gE-0I 0. 739<J3 hE'01 0. 


. 40COC6E400 - 
.170135E*00 - 
.1C71nCE400 ~ 
. C13163E4CI0 - 
.131C35E400 - 
.133CnCE»C0 - 
.CCmCo3E400 - 
.19C53'4E + 00 - 
. 1 ‘ 4 « 3 ‘ 4 : e 400 - 
.C353e.3E + fO - 
. CO 3*+C***E 4 00 - 
. IC ' O '+ mCE 4 00 - 
. C -^ 36 «: E4 00 - 
.Cli30'3E*00 - 
. lt‘07ot'E 4 00 - 
. c 5 -* 7 < 5 : e 40 o 
.CCC‘>0'-'E*00 
.17‘Je(.«6-E400 
. C ^ 50 « CE400 
. C3 * 400 <’ E400 
.1909t>c>E»00 
.C76'5o:£400 
. Cs5103t400 
. C0C0«*c>E 4 00 


.i*97119E + 00 
.587075E400 
.7c67S5E+00 


.J9569CE400 - 
.163303E400 - 
.116515E400 - 
.C06791E400 - 
•17s903E400 - 
. 1C761«»E*00 - 
.C17391E400 ' 
.136003E400 - 
.13S71^iE4 00 - 
.CCS991E+00 - 
.197103E400 - 
.1*»‘531hE+00 - 
.C37336E400 - 
.C05‘*3CE400 “ 
.153139E400 - 
• Cs34l & E400 - 
.C1653CE400 - 
. 169C33E400 - 
. C59515C400 - 
•CC7t3CE400 ~ 
.130338E400 - 
.C70O15E400 - 
.C3S73CE4O0 - 
.191s33E*00 - 


•1733C9E 
•133m13E 
. /QSCblE 
. W1C79E 
.1313^3r 
77‘*753E 
169CC«£ 
1C9313E 
75-4C53f 
lt.717'?E 
lC7Co3E 
733753E 
It'StsCE 
1C57C5E 
718373E 
1635‘5CE 
1C36 75E 
697373C 
1615‘4CE 
1C16C5E 
377373E 
l5<J-i9CE 
1195T5E 
65t‘87SE 


.169315E400 
,157-^3CE400 
.107C15E400 
.C00‘4l5£400 
.368531E400 
.U8315E400 
.CH515E400 
.179631E400 
.lC9^a5E400 
.CCC619E400 
. J90731E400 
.190515E400 
.C30939E400 
.19905bE400 
.1‘43339E + 00 
.CmC039E400 
.C10155E400 
. 15 ‘ 5939E400 
.C55139E400 
.CC1C55E400 
.171039E400 
. C69C3SE *00 
.C3C355E+00 
,13C13«E400 


00 0 
400 0 
-01 0 
400 0 
400 
-01 
400 
400 
-01 
400 0 
400 0 
-01 
♦ 00 
♦ 00 
-01 
400 
♦00 
-01 
♦ 00 
♦ 00 
-01 
♦ 00 
♦ 00 


-01 0 


-. 979193E400 
-.sS^SSOF^OO 
_^33‘«C3‘»E400 
- .‘ 40 ‘ 469 mE 4 00 
-••4C0051E400 
-.369585E400 
■= TOS0190E400 
-.‘405551E4O0 
-.355085u400 


.1653m6E400 0 
. 1C54C9E+00 0 
.OOC197E-01 0 
.1O3C96E400 0 
• IC3379E400 0 
.c.4lo93E-01 0 
.1 o1CmoE400 0 
.1C13C9E400 0 
.6CU93E-01 0 
.1S9196E400 0, 
.119C79E4O0 0, 
.600^98E-Oi 0, 
.157ft53E400 0, 
.1177 mCE400 0, 
.5853C3E-01 0, 
.15r>b03E400 0. 
.11569CE400 0. 
.56‘43C3E-01 0. 
,153558E400 0. 
1136hCE400 0. 
5*4‘43C3E-01 0. 
151503E400 0. 
. 11159CE40D 0 . 
.5C38C3E-01 0. 


•157363E400 
. 117 . 49 & E400 
. 5*4577sE- 01 
.155313E+00 
.115396E400 
.5C5C75E-01 
.153C63E400 
.n33^8E400 
• 50‘477 mE-01 
.151C13E400 
.1UC96E400 
.‘439C75E-01 
.H9675E4O0 
.109759E400 
.^*63900E-01 
. 1<»76C5E400 
.107709E400 
.^i^^SsOOE-Ol 
.1 h 5575E400 
.105659E400 
.9C7900E-01 
.1935C5E+00 
.103609E400 
907<»OOE-Ol 


.•♦71817E400 

.SC5C33E400 

.363556E»00 

.‘457313E400 

.91073hE400 

.35‘4057E400 

.< V - TCS1SE400 

.396C35E4O0 

.339557E400 


.• 46C501E400 
.•»15917E*00 
•353OC3E400 
.990001E400 
. 9014 » 17E400 
, J385C9E400 
•93350CE400 
.336910e*00 
. 3C90C9E400 


.•45313mE400 

.*40C‘600E»00 

.337500E*00 

.‘ t38C . 89E400 

•39C100E400 

.323001E400 

. 9C < il55E400 

377601E400 

.303501E*00 


.9<»366 7E*00 
. 397C83E400 
.3C3913E400 
.9C93b8E+00 
. 3827S^E*00 
.309 h1<jE400 
.919fi68E400 
.368C69E400 
• 29<i91‘4E400 


-1 1 J- 





TABLE IV (CONTINUED) 



-.935695E400 

-.<4C831‘>E400 

-.41900CE+00 

-.409685E+00 


4 

-.39i052E400 

-.3S1735E+00 

-.3724186+00 

-.365101E+00 



^340536E400 

-.32505SE+00 

-.3095306400 

-.294002E+00 

J- 


-.424S20E400 

- .417444E + 00 

“.408126E+00 

".396811E+00 

z 

Ui 

5 

-.380177E400 

-.370860E400 

'.361544E+00 

-.352C27E+00 

S 


^529;iie + o0 

-.314183E400 

-.2986556+00 

- . 2S3127E+00 

lU 

o 


~ .*4l03nE400 

-.4029h5E400 

-.39362SE+00 

-.3S<+311E + 00 

< 

1 

6 

-.365678E400 

-.3563616400 

-.3’’»70'+4E + 00 

-.3377276+00 

•■J 

CL 


_^31521:E + 00 

-.299684E4O0 

-.28+156E+00 

-.C6S628E400 

Vi 


-.SeSEClE+OO 

- . 383445E400 

-.379129E+00 

-.369812E400 

Lj 

Q. 

7 

-.35117SE+00 

-.341C61E4O0 

-.332545E+00 

-.323C28E+00 



-.5OO71CE4Q0 

-.2851846400 

-.2696566+00 

-.254128E+00 



-.3S13C:E400 

- . 3/39h6E+00 

- . 36h629E+00 

-.355312E400 


B 

-.33667«E400 

- . 327362E 400 

-.31S045E+00 

-. 3087286+00 


- 

-.286C13E400 

-.C70685E+00 

-.255157E+00 

-.2396296+00 



-.5s7007E-0i 

-.614C63E-01 

-.699217E-01 

-.7641756-01 


1 

-.95s0S4E-01 

1039046+00 

-.1123906+00 

-.120595E+00 



l4i425E + 00 

-.15558*46 + 00 

-.169743E+00 

-.183902E+00 



--163343E400 

-.19006*36 + 00 

-.198564E+00 

-.207060E+00 


2 

” - CC^Cb 1 E 4 00 

-.C3C546E+00 

-.2410>+2E + 00 

-.249537E+00 



_^270068E400 

-.C34227E+00 

-.2«S356E400 

- . 3125456+00 


a 


- . 35C6'55E400 

^ 3C3710E400 

- .‘«s06Ct'E * 00 
-.‘^Sl5:'^E400 
^5C735CE + 00 
■•.53710<JE*00 
-.577317E400 
- . 62 535hE4 00 
“ . 66575CE ♦ 00 

- - TOo^^'SE + OO 
^ 75C<477E«00 
-.7«m3^^E*00 
-.S35101E400 
j_.esniOE400 

9E3336E+00 
- . 96374hE* 00 
-.10097oE401 


.316711E4C0 
. 33118<5E + 00 
.mICSo^E+OO 
.M‘»7355E + C0 
.HSCS31E+0O 
• 5<»1511E4Q0 
,5'^3835E + 00 
.5363KE + 00 
.C'37«O3E + C0 


. 3C7C07E + 00 
-.3696SwE 400 
-.^C70C6E400 
••■‘tSS^s^JE + OO 
••‘4953C6E400 
••555671E+00 
•.55C530E+00 
■•59'^50SE400 
•.o5:i5C£+00 


0. 77*31CCE + 00 0 
1 I 0.371J16E400 0 
j:^696'a-,lE-01 - 
0.690<J37E400 0 
0.?a3031E+00 0 
j^l70079E*00 - 
O.60275CE400 0 
0.19sS06E400 0, 
_^C66E64E+00 -, 
0 .514566E+00 0. 
0.106661E400 0. 
ji;_.35<»i»50E + 00 
0.<i^6<t27E400 0. 
0.^05:i7E-01 
j^-iC05fi9E+00 
0.3602^2E+00 0. 
-.<i7663^E-01 
^50377<iE + 00 
|TrS72057E400 D. 
-.135S48E+00 
“.596959E400 


•672^77E+00 -.630973E+00 
.71^«55E+00 -.7C3450E+00 
.76^6635E*00 - . 750795E4 00 
.3011COE+QO -,609ol5E+00 
.345597E+00 -.35C09CE+00 
.6«5276E400 -.909437E+00 
-9C9762E+00 -.933257E*00 
.97CC39E40O -.C50735E+00 
.10C392E401 -.303e08E4QI 


.7117CSE400 0 
.CC'60S3E400 0 
.C51775E400 - 
.623543E+00 0 
.197903E+00 0 
.319961E+00 - 
.S3S356E+00 0 
.109716E+00 0 
.4061<t6E400 ~ 
.447172E+00 0 
•C15327E-01 - 
.<»96331E400 - 
.3S1033E+00 0 
4'i6062E-01 - 
56^<i70E + 00 - 
2928‘^SE + OO 0 
132791E+0Q - 
650655E400 - 
ZDr»6S3E + 00 0 
220976E+00 
7338‘^IE + OQ 


- . 33570CE *00 
373179E + 00 
-.4^i11S7E + 00 
- .46'43‘44E + 00 
-.506S:CE400 
-.569030E+00 
' . 560326E4 00 
-.603303E400 
•.6&6312E400 
•.6S9463E+00 
. 731945E*00 
,794Q5sE+00 
.818U0E400 
.66053SE40O 
.9C3596E+00 
.996753E400 
.9S9C30E+00 
.1052C4E4Q1 


.626601E+00 0 
•C00960E400 0 
•373655E400 - 
•538A15E40O 0 
.112775E400 0 
.961S^»1E400 - 
.*i50:30£400 0 
,2‘t5S97E-01 - 
.5500E6E+00 - 
• 36C0<i5E + O0 0 
.635955E-01 - 
.633211E4O0 - 
-295906E400 0 
.12973^E+00 - 
,70A350E400 - 
207721E400 0 
217920E400 - 
79C535E400 - 
U9536E + 00 0 
306105E+00 - 
860721E400 - 


.59197CE+00 
.U5S32E400 
.515538E400 
.953287E400 
.276>468E-01 
.603721E400 
.36510:E400 
.605383E-01 
.691907E400 
.276917E400 
.1-4672^E + 00 
.780092E400 
.210778E+00 
219863E400 
.ds623lE4O0 
122593E4C0 
303048E400 
93^916E+00 
3^4073E-01 
391233E400 
102260E+01 


-■.400369E + 00 
-.353785E400 
-.260415E+00 
-.389‘4 9<4E+00 
-.3<i2910E + 00 
-.2695-40E + 00 
-.37if995E + 00 
-.328'illE + OO 
-.255041E+00 
-.360'^9SE + 00 
-.313911E+00 
-.2<iOS41E + 00 
- . 395996E400 
-.c9941CE+00 
-.C26042E400 5 
“.fi69129E-01 ^ 
-.129390E+00 i 
-.196292E+00 K 
-.215555E+00 | 
“.256033E+00 O 
--32«4934E400 n 
-.5-44198E4 00 **= 
-.55667SF+00 q 
-.^ 53576t400 O 
- .m 72S*'40E + 00 ^ 
-.515317E+00 
-.5SC219E40O 
-.5693C1E400 
-.611799E400 
-.673701E400 
-.6979&-:iE400 
- . T^O-^^IE + OO 
-.8075<43E*00 
-.826606E400 
-.669083E+00 
-.9359S6E400 
-.9552^»SE400 
'.997726E40O 

-.1Q6^63E4Q1 

).<»563<45E*00 
).307035E-01 
-.63968CE400 
).3o8159E+00 
•.579816E-01 
•, 727866E+0O 
I.279974E + 00 
•.145667E + 00 
.81605CE400 J 
I.191789E + 00 lu 
.233852E+00 2 
.909237E400 S 
.125650E+00 
.299991E+00 
.970376E400 
.3796^i9E-0X 
.388176E*C0 
.105656E+01 
.507202E-01 ' 
.^76361E400 
.11<*675E401 




Oji' 


TABLE IV (CONTINUED) 


.1S387CE400 0 
.2C403^E400 - 
.6651'^‘4E400 


116478E400 

30916CE+00 

627026E+00 


0.313503E-01 

-.59^290E+00 

-.96S906E+00 


-.557779E-ai 
- .A79>il8E + 00 
-.111079E+01 


-.133905E+00 
-.S6-4S<^7E + 00 
-.123«»93E + 01 




-.162351E+01 

-.1500966+01 

-.134617E+01 

-.119158E+01 

-.103658E+01 


1 

-.5S1787E+O0 

-.726993E+00 

-.572199E+00 

- . 417404E + 00 

- .262610E+00 



-.4531S3E-01 

0.214672E+00 

0.472663E+00 

0.73C653E+00 

0.956395E+00 



-.153742E+01 

-.141467E+01 

-.1C6008E+01 

-.110528E+01 

-.9S0486E+QO 


2 

-.79S69‘<E + 00 

-.6409COE+00 

-.466105E+00 

-.331311E+00 

-.176517E+00 



0.4277m7E-01 

0.300765E+00 

0. 5587566 + 00 

0 .816747E+00 

0.104249E+01 



-.14513:6+01 

-.13287SE+01 

-.1173956+01 

-.101919E+01 

-.864395E+00 


3 

-.7096016+00 

-.5548066+00 

-.4000126+00 

-.24521SE+00 

-.904236E-01 

z 


0.i:6565E+00 

0.3S6eS5E+00 

0.644849E+00 

0.902S39E+00 

0.112656E+01 

UJ 


-.1365236+01 

-.124265E+01 

-.10S7S9E+01 

-.9330966+00 

-.7753026+00 

UJ 

4 

-.6235076+00 

- .4607136 + 00 

-.3139196+00 

-.1591256+00 

-.4330346-02 

< 


0.214961E+0O 

0.4729526+00 

0.7309436+00 

0.9SS932E+00 

0.121467E+01 



-.1300666+01 

-.1178116+01 

-.1023326+01 

-.8685266+00 

-.7137326+00 

(/} 

5 

-.558937E+00 

-.4041436+00 

-.2493496+00 

- .945546E-01 

0.602396E-01 

Q 


0.2705316+00 

0.5375226+00 

0.7955136+00 

0.105350E+01 

0.127924E+01 

0. 


-.121457E+01 

-.1092026+01 

-.937228E+O0 

- . 762433E+00 

- . 6 27639E + 00 

O 

6 

-.‘+720456 + OO 

-.3160506+00 

-.1632566+00 

-.846177E-02 

0.146333E+00 



0.3656246+00 

0.6236156+00 

0.6816066+00 

0.113960E+01 

0.136534E+01 



'^1123476 + 01 

-.1005936+01 

-.85113+6+00 

-.696340E+00 

-.541546E+00 


7 

-.3567516+00 

-.231957E+00 

-.771627E-01 

0.776315E-O1 

0.232426E+00 



0.45171SE+00 

O.70970SE+00 

0.9676996+00 

0.122569E+01 

0.145143E+01 



-.1042336+01 

-.919S35E+00 

-.7650416+00 

-.6102476+00 

-.455452E+00 


8 

-.3006506+00 

— . 14586'^£ + 00 

0.8930626-02 

0 .1637256 + 00 

0.318519E+00 



0.5373116+00 

O. 7953 OIE+OO 

0. 1053796 + 01 

0.131176E+O1 

0.153752E+01 



-.8514606+00 

-.S90776E+00 

-.9404026+00 

-.990028E+00 

-.103965E+O1 



-.1089236+01 

-.1138916+01 

-.1188536+01 

-.123S16E+01 

-.128778E+01 



-.1356006+01 

-.1440806+01 

-.1523516+01 

-.160622E+01 

-.167S59E+01 



-.5703326+00 

-.6096206+00 

- .6592446 + 00 

- . 703571E + 00 

-.758497E+00 


2 

-.8081236+00 

-.357750E+00 

-.9073766+00 

- .957002E + 00 

-.100663E+01 



-.1076936+01 

-.115964E+01 

-.1242356+01 

-.1325066+01 

- .139744E+01 



-.2891746+00 

- . 1284o2t + 0U 

-.3780886+00 

- .427714E + 00 

-.477340E+00 


3 

-.5269666+00 

-.5765926+00 

-.626219E+00 

- .675S45E + 00 

-.725471E+00 

h- 


-.7957756+00 

-.S7S4S6E+O0 

-.9oll96E+00 

-.104391E+01 

-.111628E+01 

in 


-.8015696-02 

-.473041E-01 

-.969300E-01 

-.146556E+00 

-.196182E+00 

s 

4 

-.2458096+00 

-.2954356+00 

- . 3+50616+00 

-.39466SE+00 

- .444314E+00 

o 


-.5146166+00 

-.5973236+00 

-.t-S0039E + 00 

-.7627496+00 

-.635120E+00 

< 


0.202853E+00 

0.163564E+00 

0.1139336+00 

0.643USE-01 

0.146857E-01 

& 

5 

-.3494086-01 

-.845674E-01 

-.1341946+00 

-.183820E+00 

-.233446E+00 

Q 


-.3037506+00 

- . 3864606+00 

- .4691716 + 00 

-.551S81E+00 

-.624253E+00 

a. 


0.4340106+00 

0.444721E+00 

0.395095E+00 

0.345+O9E+00 

0.295843E+00 


6 

0.246216E+00 

0.1965906+00 

0.1469646+00 

0.973374E-01 

0.477108E-01 



-.22592oE-01 

-.1053046+00 

-.163014E+00 

-.2707256+00 

- .343095E+00 



O.765165E+O0 

0.725S73E+00 

0.676252E+00 

0.6266266+00 

0.577000E+00 


7 

0.527373E+00 

0.477747E+00 

0.428121E+00 

0.378494E+00 

0.32SB66E+00 



0.258565E+00 

0.175553E+00 

0.931430E-01 

0.104324E-01 

-.6193926-01 



0.104632E+01 

0.100703E+01 

0.957409E+00 

0.907783E+00 

0.558157E+00 


8 

0.60S531E+00 

0.755905E+00 

0.70927SE+00 

0.65C652E+00 

0.61002SE+00 



0.539722E+00 

0.457011E+00 

0.374300E+00 

0.291590E+00 

0.21921SE+00 


^»7392SE 

1076CCE 

175706E 

19i»690E 

796980E 

1«47763E 

0m546SE 

5177^.2E 

119859E 


+ 00 0 
+ 01 0 
+ 0i 0 
+ 00 0 
+ 00 0 
+ 01 0 
-01 0 
+ 00 0 
+ 01 0 


,573^*37£ + 00 
.120191E+01 
,1966SoE+01 
,29^199E+00 
,922675E+0a 
,16873:E+01 
,1^961SE-01 
,6^*3A37E+00 

.1^0e06E+01 


0.699132E+00 
0.132761E+01 
0.217605E+01 
0.<^19S94£ + 00 
0.10<+837E + 01 
0.1S9631E+01 
0.1s0656E+00 
0.769133E+00 
0.161757E+01 


0.82^S27£+00 
0.1^5330E+01 
0.C3855AE+01 
0.545590E+00 
0.117Ct06E + 01 
0.210630E+01 
0.26S352E+00 
0.89>482eE + 00 
0.182707E+01 


0.950522E+00 

0.157900E+01 

0.256885E+01 

0.67126AE+00 

0.129976E+01 

0.228961E+01 

0.3920A7E+00 

0.1020S2E+01 

0.201037E+01 
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MODE #5 MODE #4 (CONTINUED) 


TABLE IV (CONT4NU£D4i - 


. OpQJ 

OF 







-.363784E+00 -.264275E+00 “.138581E+00 -.128852E-01 0.112810E+00 


4 

0.23S50SE+00 0.36^2005+00 0,4898955+00 0.6155905+00 0.7412865+00 



0.9193535+00 0.1128655+01 0.1336345+01 0.1547835+01 0.1731135+01 

K 

z 


-.5732125+00 -.4737035+00 -.3480095+00 -.2223135+00 -.9661825-01 


5 

0.2907715-01 0.1547725+00 0.2604675+00 0.4061635+00 0. 5318575+00 

s 

UJ 


0.7099255+00 0.9194165+00 0.1128915+01 0. 1338405+01 0.1521705+01 

CJ 


-.6524505+00 -.7529405+00 -.6272465+00 -.5015505+00 -.3756555+00 


6 

-.2501605+00 -.1244655+00 0.1230005-02 0.1269255+00 0.2526215+00 

C/3 


0.4306865+00 0.6401605+00 0.8496715+00 0.1059165+01 0.124247E+01 
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MODE #5 {COMTINUED) 


CHORDWISE AXIS 


FOGURE 1. BLADE FACE MAPPED OUT ON PLANFORM PLANE 
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OUT OF PLANE AXIS {OOPI 



FIGURE 2, BLADE CROSS SECmON JW IP-OOP FRAME 
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OOP AXIS 











POSITION OF MISSILE 
AT END OF TIME 
INCREMENT 












FIGURE 11, PRESSURE DISTRIBUTIONS FOR 2D JET MEASURED, 
SCHACH & APPROXIMATIONS 
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figure 13. PRESSURE DISTRIBUTIONS 


OFFSET OF IMPACT FORCE & STAGNATION POINT - e/a 8. g/a 



IMPINGEMENT ANGLE -tt 


FIGURE 14. LOCATIONS FOR 2D JET OF IMPACT FORCE 8, STAGNATION POINT 


















P/Po.v/y„. v/f 



FIGURE 17. fMORMAL IMPINGEMENT OF 3D JET PRESSURE, STREAMFORM 
a VELOCITY DISTRIBUTIONS - THEORY & TEST 


OFFSET OF IMPACT FORCE B. STAGMATION POINT -e/r & fl/r 




MISSILE IMPACT ANGLES FOR DEFLECTED BLADE 


FIGURE 19. VARYING MULTI-SEGMENT MISSILE 
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LAYERS h THICK 
SIMULATING MISSILE 


FIGURE 20. APPROXIMATION OF GENERAL SHAPED MISSILE FROM 2D AND 3D JETS 


138 - 




‘iLADE SURFACE 



FiGURE 21. APPROXIMATED STREAMFORM PARAMETERS 







FIGURE 22. PATH AND LOCATION OF AN ELEMENTAL VOLUME OF FLUID 






radial AXIS 




DISTRIBUTED MASS SPREADS 
AS OVAL RING 
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•ALL DELTL = 0 


FIGURE 28. MISSILE MODEL USED FOR IMPACTS ON RIGID TARGETS 
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FIGURE 29, 25° IMPACT ON RIGID PLATE 
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P/Pq 



FIGURE 30. 45° IMPACT ON RIGID PLATE 
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PRESSURE RATIO 


k 



FIGURE 31. 90® IMPACT ON RIGID PLATE 
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RL(1) *1.5625 
RU2) -0.9S 
RLI3) *0.325 
RLI4) *-0.325 
RL(5) = -0.95 
RL(6) = -1,5625 


DELTLI'O =0.825 
DELTL(2) =0.245 
DELTU3)«0.0 
DELTL(4) =0.0 
DELTLI5) =0.245 
DELTL{6)« 0.825 


FIGURE 33. SIDE VIEW OF SPHERICAL MISSILE MODEL 


L5 


WIDTHS 



FIGURE 34. CROSS SECTION OF SPHERICAL MISSILE MODEL 




TWIST ANGLE (RADIANS) 



TIME (MILLISECONDS) 


FIGURE 36. TWIST RESPONSE OF SIMULATED Q-FAW BLADE SUBJECTED TO A 
30° IMPACT OF A 1 LB. SPHERE AT 600 FT/SEC. 




appendix a 


_SPRIN0-MASS elemental MISSTT.r model 


Approach 


Is analyzed as a finite slue of fluid'”'”''’ analysis the missile 

Includes all the sirJeauIrL t a e ■ 'Tu surface and 

the Introduction ^n thI^:p:^ch^^e1, L “sted in 

finite number of mass blocks as shown in FIr tk 

Is concentrated at the center of thp Mnni, .i' block 

to the neighboring masses shirine n m these masses are connected 

the mass of each fluid slue c^n h surface. The volume enclosing 

products of the relative position summing the triple vector 

products. Once the volume of the bLcrirknow^’^tl 

calculated from ^ known the density can be 


Pi = m^/Vi 

where: 


(lA) 


nij[^ is the mass of block 1, 

Vi is the volume of block i, and 


Pi is the density of block i. 


The pressure at the canter of block i 
In the present analysis the pressure, 


can be found from a 
P, is computed as 


constitutive 


relation. 


P 


^ n 7 
Po*^o 

Y + 1 


p 

Po 


Y + 1 


-1 I + P 


(2A) 


when P > -p^ 
nnd as 


if 

where; 



p<-Pt 

pQ Is the nominal density, 

Co is the speed f'f sound at P = 

Y is a material parameter, 

Pfl is the ambient pressure, and 

Pt is the tensile pressure failure load. 
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C3A) 

(4A) 


~ ij* “v--' •= 

at the end of the time increment can now be^^f particles 

law of motion. Presently the InceeriMo ^ s second 

Runge-Kutta method. integration in time is done using the 

Status & Results 

■ r-‘ ■* - 

the analysis showed that backflow (i p attack is increased. 

lA) was initiated at the angle of a«a<;’ [1721 7 

angle depends upon whetLrthe no^'i‘r'two!"oft'hree'dT:f 

fineness of the grid, three dimensional and the 

and the elapsed''tirae^whCT''thrpearpJe8Lrrwirr ^°h h’’"’ 

Table lA are for arbitrary nuirpriai .* reached. Cases 1 and 2 in 

properties of water given in Ref. 8.’’"xhrresult? for C^se 3 material 

examlLd!"“ water droplets 3”“^ 

sur3“sT3'tion ortlL" ?o^c3 Tof ^'’bl”'?f" i"i"a«ctinR the 
high initial peak response followed by I rfutivLv r ® ^ 

shown in Fig. 2A this steady portion actulllf^r ^ ^ Portion. As 

resulting from numerical InltLilitLs! “ 

to the numerical lnsLbllltlesf°''irLdltion''trthr th^** ibutlng 

Zeric1l"iisLfu\^y" ^ihf 

Improvements 

will allow the program to track masses to the outside surface which 

the cushioning ^ffLt! 2 m^vL 

element interfaces Instead of pUclnl ^he 

stability in tbe time domain could be ImprovL 

Integration scheme in time or (2) evaluatine th^^\ Inipllcit 

necessary. (3) updating the grid perlLlcallv 

It might be advantageous to undertake to oLL^ Concurrently with this effort 
COM^ program, the code used in Ref 8 For th -nd evaluate the 

(a;£ 30 deg), the total impact force’and cInLr V"® interest 

as a function of time. In addition the forerrif/TT^ Presented 

Increment required by the Multi-Mode r for each time 

These improvements to the present model <i( rogram would be evaluated, 

relatively simple Lohni.n! ! improved, but 

object impacts! ‘ ciue to foreign 
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TABLE 1A 

PEAK PRESSURE AND ELAPSED TIME AT PEAK PRESSURE 

NOTE 1 . PARAMETER DEFINtTIOMS: 

H = 10CM 
D = 4 CM 

Vq =20 X CM/SEC 

a= 30 DEG 

0=0 

Po“0 

Pt»0 


NOTE 2. CASE 3 IS FOR WATER 


CASE NO. 


(CM/SECI 

7 

PoCqVo 

(DYNSS/CM^) 

^MAX 

f 

1 MSEC) 

Cot’ 

D 

1 

1.0 

250 X 103 

-0.78 


2.S8 

250 

1.56 

2 


lyim 

-0.78 



1S.7 

0.626 

3 

1.0 

150 X 10^ 

6.15 



13.3 

0.49S 


<_n 

I 











FIGURE lA. MODEL DESCRETIZATIOW FOR A TWO DDMENSIOWAL 

ELLIPTICAL FLUID MISSILE INTERSECTING A RIGID FLAT 
SURFACE 
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NORMALIZED AVERAGE PRESSURE 



FIGURE 2A. AVERAGE IMPACT PRESSURE OVER THE IMPACTED SURFACE 
VS TIME FOR CASE 1 OF TABLE I 
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APPENDIX B 


UNIPURM PRESSURE, 2D & 3D OBLIQUE IMPACTING JET MISSILES 


Reference 4 presents test results which show that birds behave as a fluid 
during impact at high speeds and that the maximum steady impact pressure for 
low impact angles is proportional to po(Sin a) 2, where po is the stagnation 
pressure and a the impact angle. The test results also show that there is a 
critical impingement angle between 25° and 45° below which a relatively uni- 
form impact pressure of this magnitude occurs over the impacted area. The 
approximate analyses developed below ^rere based on this test information. 

More recently it was learned by Reference 19 that the test results were not 
fully evaluated and, therefore, in error. Because of this and the acquisition 
of References 5 and 7, which permitted the development of a better missile model, 
the simplistic, uniform pressure missile developed herein was abandoned in favor 
of the missiles developed in Appendices C, D, and E, 

2D Oblique Impacting Jet Missile 

Numerous texts and articles give the solution for the splitting of the 2D jet 
and the magnitude and position of the impulse load on the plate; see for example 
Reference 18. These quantities plus the fact that the aagnitude of the fluid 
velocity is maintained can be derived using the theories of continuity, momentum, 
and energy; see Figure IB, However, there is no simple way of arriving at the 
pressure loading distribution on the plate. Because originally no known solution 
was found in the literature (later Reference 5 was found), an approximate analysis 
was developed based on the uniform pressure test finding reported in Reference 4. 
In this analysis the deflected streamform is assumed to be given by circular arcs 
which result in a core of uniform pressure over a length, i, either side of the 
impulse load point; see Figure IB, 

3D Oblique Impacting Jet Missile 

The same unifona pressure and constant radius streamfom assumptions were used for 
the approximate 3D analysis as for the above 2D analysis. Hox^ever, in this case 
the jet is split into radial sectors in which the fluid is assumed to flow. Thus, 
the radius of the streamform is a continuous function of the azimuthal angle and 
is symmetrical about the line of impingement of the jet- The derivation of the 
approxlraat"’ 3D jet analysis assuming a uniform pressure is given in Figure 2B. 

Note that^centerline of the split is the same as that for the two dimensional jet 
i.e.jb - r Cos a and A = r Cot a. For this analysis the resultant impulse force 
is lc .>3ted a distance e/r ^ (.265-, 022 Cos a) Cot a aft of the impingement center 
of the jet, and the uniform pressure area is centered about this location. The 
separation line for forward and rearward flow is a distance f/r =1(2 Cot a aft of 
the load center e/r. Figure 3B presents the variation of the envelope dimensions 
of the uniform elliptic pressure distribution with impingement angle, and the 
location of the resultant impact force from the jet centerline. 
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CONTINUITY: 


RESULTS: 


V^ai ^ V282 = Va 
MOfWENTUM: Va COS 

Po=pa v2 SINa^ 


ENERGY: 

V^^ai + V2^a2 = v2a 

PRESSURE: 

D2V2 

(UNIFORM) 



» 1/2 pv2 SIN^Oq 


Vi =* V2 = V 

n 

aya = CDS^ _ 
2 

0_ 

82/a e SIn2— H. 

2 


<8l + Ri)/a = 1/2 SIN^a^/a 
*®2 + = 1/2 COs 2 Q ^/2 

'f /a = l/SIN Cg 


figure IB. approximate 2D JET MISSILE 





MOMENTUM: 


TTCOSa 


b 

4— 



COS - b^SIM^ 0 /r2~ 

+ TAN^ 0SIN2 a 


(VERT.) 


IF b/r = COSa . THIS EQUALITY EQUATION IS MET. 
THUS, A/r = COT a AND 

r^/r = n + COS a I & = n - cos a i 

1 


ASSUME P =— pV^SIN^a = Ft =P2 

^ 1/2^ pv2s,Mad0 

1/2 2 - 2 ^ jT 


THUS, 

-^l/r = TAN a/2 a 72/r = ^ TAN 0/2 
AND 

h^/r “ n + COS a ) / 2yA 2~ & h2/r *= ( 1 - COS fi | ! 2\/~2 

i/r = 1/2 (Jl^l= y/z" /sin a 

//r= (— p )=^COTa (FLOW DIVISION LINE) 


EQUILIBRIUM: 

L = /?7Tr2 VISING = TTr^ {^) (^) p 

r 


w/r » 2/(//r) SIN a = ^/T 

jri 2 


8/r = 


■v/T’cotu 


01 a r 

~ ! (3 + cos2a -4SIN2 0 cos2 a] 11 -siN20cos2al’''‘ 


COs2 0d 


(0.265 - 0.022 COS a ) COT a 


FIGURE 2B. APPROXIMATE 3D JET MISSILE (CONTINUED) 
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PRESSURE ELLIPSE DIIMEWSIONS - //r ft wfr 



FIGURE 3B. PRESSURE ELLIPSE DIMENSIONS AND OFFSET OF IMPACT 
FORCE FOR APPROXIMATE 3D JET IMPACT A/r = Cot a 
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OFFSET OF IMPACT FORCE -e/r 




APPENDIX C 


APPROXIMATION FOR 2D OBLIQUE IMPACTING JET MISSILE 


The conformal transformation solution for the steady sttate^ oblique, impingement 
of a 2D jet on a flat plate given in Reference 5 and recent test results given 
in Reference 19 show that the pressure distribution on the plate is not uniform 
for low impingement angles as originally reported in Reference 4 and assumed in 
Appendix B, ThereforCj a new representation of a 2D jet missile was developed. 

To facilitate computations and to alleviate some anomajies in the solution given 
in Reference 5 for low impingement angles, an approximate analysis was developed 
based on the analysis and test results given by Schach in Reference 5, The 
approximate analysis is based ou the assumption that the velocity distribution 
along the plate can be represented by the expression V/^o=(l-e- x/x). Because 
the pressure on the plate surface is equal to Po^l-(y/Vg,)2^ the resulting pressure 

distribution will have the form P/Po = 6 “6 • Figure 4 shows that 

such expressions for V/Vq and P/Po fit the experimental and Schach*s results very 
well. Thus, the only requirement is to determine the decay parameters Xi and Xo 
for each side. ^ 


The results given in Figure IB for the splitting of the jet is still valid, 
being based on momentum, energy, and continuity, i»e, 

Vi = V2 = Vo 
a^/a = Cos2 a/2 
a2/a = Sin2 a/2 

and e/a = 1/2 Cot a. The decay parameters must be such as to satisfy the force 
and its position on the plate recognizing the pressure itfstributions are based on 
the stagnation point. Thus 


red 

Force ^ Fl/Pg dx] +■ J P2/P0 dx 2 = 2a 


Sin a 


or Xj^ 4* Xo = - a Sin a 


and 


(1C) 


Position 


.CO 


Fl/Po dx^ - 


CO 


^2/Po X 2 dx 2 = 2 f a Sin a 


or 


Xi 2 _ ^2 2 


2 f a Sin a 


(2C) 
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Solving Equations (IC) and (2C) we find that 

2 \ 

Xi = - a Sin a + ~ f 

3 7 

A? - - a Sin a - - f 

3 7 


(3C) 




c / J:^ . 2a I 


= 


a Cos 2aJ Sin a 


f4/a = 1.25(1- 1-d-. ^ 

TT ^ IT 

fa/a = llL_i Cos a(l 4- Sina ) 


(40 

(50 

(60 

(7C) 


than 220. which is i^pingsnant angles leL 

AUP.S IJSSiso".:: « r it° bfp 'r 

.« s. PA... .:b.up„pU“i,SL"'5^cn:;rsr™ — "•"■■•' 


' 3 fij bb" “ 


(70 
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APPENDIX D 


APPROXIMATE 3D OBLIQUE IMPACTING JET MISSILE 


The assumption of a constant pressure distribution over the impingement area 
used in the development of the 3D missile model in Appendix B was found to be 
unrealistic, even for shallow angles; see References 5 and 19. Therefore a 
new representation of a 3D jet missile was developed based on the concepts 
and test information given in Reference 5. This new, approximate analysis 
assumes the fluid in the impacting jet is split into and remains in radial sec- 
tors after being deflected by the plate. This assumption is the same as used 
in Appendix B, Thus, the derivation of the splitting of the jet presented 
in Figure 2B applies to this analysis, i.e. b/r ^ Cos a; see Figure 15. This 
split of the jet was found to correlate very well with test results; see 
Reference 5. 


The approximate 3D Jet Missile analysis is based on the assumption that the 
velocity distribution along the plate can be represented by the expression 
V/Vq = [1 - e“WAl-^) , where x is the radial distance from the stagnation 
point and 1 is a decay parameter that is a function of Cos ij;; see Figure 15, 
The resulting pressure distribution is given by the expression 

= 1 - (V/V„)2 = e- OP) 


It was found that these expressions for V/V^ and P/P fitted the experimental 
data quite well; see Figures 16 and 17. 


The e:^ression for the decay parameter, X, is derived so that the pressure 
distribution gives the proper normal impulse force and its location. The 
development of the differential loading for each sector requires considerable 
trigonometric manipulations as given below: 

dL/pQ = — ^ 2 r^ Sinad0 = 26x Sinadif) (2D) 

2 

Now 


so that 


Thus 


or 


r/r = Cos^Cosa + | l-Sin^^^Cos^a 

Tanifj = Tan^S ina 

Sin$ = Sinji/ yi-cos ^ijj Cos^a 

Cos d = Sina Cosi/i/ ) l-Cos^i|j Cos2q 
d4>/di|» = Sina/(l-Cos2^ Cos2a) 

Cosa = Cosf Coso ^ 

Sina = Sina/'^ l-Sin^^ Cos2a = \ l-Cos^ip Cos^a 

(r/r) 2 = Sin2a f ^ Cosu Cos'fJ ^ 

V 1 “ Coset Cosip J 


dL/Po 

dL/Po 


= r2 


Sin^ci f 1 + Co sg Cost;? \ dti? 

I 1 - Cosa Cos:;i J\n r — ^ — -r- 

^ ^ / )l ~ Cos-o Cos^ 


r2 Sin^ai 1 + Cosa Cos’]? 

(i “ Cosa Cosi/;)^ 


dip 


(3D) 


(4D) 
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2 


Assuming P/Pq = 2e 


-If) ' . . -«) 


, we find that 


CO 


dL/Po = 


P/P^jKdxdij; = “ 


(5D) 


The decay parameter is obtained by equating Equations (4D) and (5D) giving 
= 4 r2sin3a'ilL±|£5JjL_Cosai 

3 j (1 - Cost|y Cosa)^ 

The location of the resultant load from the stagnation point, f, can be 
obtained by including the moment arm when integrating over the pressure area, i.e 

^ ~Kj) ^ 

fL/po ~ 2 j J (2x^ Cosi/'e - Cosip e ) dxdijj 

O 0 ■' 




4^7/ J cosi|idi;j 

IZ O 

Now, L/Pq = 27Tr^ Sin«^, and X is given by Equation 6D, so that 


(7D) 


3 4 ) Sin ^ a J" 


3/4 

1 + Cosijj Cosct n 
(1 — Cosi|i Cosa) ^ Cosi|'di[i 


^ • 35754 Sin 2 ct 


o 0 

(1 - Cos'^iIj Cos^o) 
o (1 - Cosif' Cosa)^ 


3/4 

• Cost{;di/< 


(8D) 


a 

0 

7.50 

15° 

30° 

45° 

60° 

75° 

f/r 

0 

1.94 

1.98 

?.62 

i.23 

.87 

.44 

e/r 

a 

4,71 

2.09 

.80 

.44 

.25 

.11 

S/r 

CO 

6.65 

4.07 

2,42 

1.67 

1«12 

.55 


There appears to be no closed form solution of the integral in Equation 
(8D). However, integrating it graphically results in the following values 
of f/r (See Figure ID); 

90° 

0 
0 
Q 

Reference 5 points out that there is no corresponding simple way to determine 
the location of the resulting load from the center of the 3D jet as there was 
for a 2D jet. Thus, one must resort to using the test results given in Reference 
5. These results are plotted in Figure IS and show that for high impingement 
angles the load position from the jet centerline is about ,43 of that found 
for the 2D jet. Although the test results indicate this value increases as the 
impingement angle decreases, the question arises as to vhat value it goes to as 
a*H^o. 
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The limiting value of the coefficient was obtained by assuming that as a— *o 
the 3D jet acts like a series of parallel, 2D jets as depicted below. The 
analysis in Appendix C for Che 2D jet shows that the resultant load ends at 



dL “ 2rCOS 0dy pV^SJW a 
d(M»rCOS0COTad 
dM/Pg «4r3cOS3 0cOTaSINOd0 
(SMALL a] 


(9D) 


the edge of the jet as the impingement angle approaches zero. The magnitude 
of the resultant load is proportional to its deflected area. Based on the 
above relationships, Equations (9D), we find for small impingement angles. 


f ^ i 2 

M/Pg =■ Sr'^COTnSJNa J cos3 0d0 

o 


— r^SIWaCOTO 

3 


(lODI 


Dividing Equation (lOD) by L/l\, = 2tfr^ Sina we find 


M 8 

g/r = ~ » - coxa HID) 

Lr 37T 


Using this value for a--*o and the test value of about ^/3 tt for the large im- 
pingement angles, we find that the following expression for the normal load 
position from the jet centerline e/r fits the test data very well; see Figure 18 


SCOT a/3 7T 

e/r 

1 +v^SJN a 


(12D) 
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APPENDIX E 




GENERAL, SYMMETRICAL 3D, OBLIQUE IMPINGING JET MISSILE 


To model a Reneral, symmeCrical shaped misnile using oblique impinging 
jet theory, the 20 and 3D jot models, developed in Appendices C and D, 
are combined as shown in Figure 20, The resulting model has the center 
section depicted by the 2D jet and the two sides are depicted by halves 
of a 3D jet. As such an oblong jet becomes a square or round jet, the 
equivalent model degenerates into an equivalent pure, round jet. Such 
a model composed of 2D and 3D jets appears appropriate because the di- 
viding lines for forward and rearward flow for oblique impinging 2D and 
3D jets arc the same, i.e. l/t — Cot a. The assumptions and relation- 
ships needed for simulating a general, symmetrical 3D jet missile by a 
combination of 2D and 3D jets are given belotv*. 

The impacting missile is assumed to be symmetrical about the blade chord- 
wise impact centerline; see Figure -0, it is also assumed Chat the missile 
Impacting cross-section is depicted by a number of rectangular sections 
parallel to the velocity axis of the missile. First, "ne n rectangular 
impinging layers h thick are approximated by a combination of 2D and 3D 
jets as shown in Figure 20. Naturally the total cross-sectioned areas 
must be the same. For simplicity the width. W. of the approximate model 
is made the same as the original, rectangular layered missile, i.e. 

W = nh. Although this assumption for W introduces a slight error in 
approximating the layered missile, an evaluation of the error for typical 
missiles showed it to be small. 


The centerline position of the approximate missile is such that its center 
of gravity is consistent with the original, layered missile. The position 
of the centerline of the approximate missile relative to the centerline of 
the first rectangular layer of the original missile is given by the expression 


where 


^1-AM 


n n 

^ Aj(n-l)h/E Aj 
j=2 j*l 


(IE) 


IT n 

^AM = ^2 + A 3 = (1 + 7 W)W = E A. ( 2 E) 

4 4,1 J 


Although the dividing lines for forward and rearward flow for the 2D and 3D 
jets are the same, the positions of their resultant forces are not. Because 
of the sideward spreading action of the 3D jet its resultant force is not 
displaced as far aft of the jet centerline as that for the 2D jet; see Figures 
14 ft 18. Since their impingement forces are proportional to their respective 
areas, A 3 and A 2 , the effective resultant position is represented by the 
weighted average based on area, i.e. - 

s/, = A 2 (e/r )2 + A 3 (e/r )3 

A^TT] 


where r = W/ 2 . 
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common boundaries. To prevent these discontinuities at their 

correction factor; ar: a^p^n d o" e' rL"d“3DM^\f 
total incremental load and flow area at a s? J such .that the 

stagnation point and flow dlvldinn line Siven radius from the pressure 

For the flow area this pLefno ’k maintained 

the 2 D and 3 D jets are the same-^see^FT ‘‘^''^dlng lines for 

impingement angles, a. almost ail^ol 

A^d = .,r2(l-S + Sin 2d 


2 t [ 


“)s^Fr2^1f a< 450 ( ^92 


Pwd 

A. = Ir <I + Cos a) a. 21,^.. ,< .50 ^ ,j5^ 

as follows: ^ " P ^*^8 tHjicknesses are approximated 

(6/r)^ P3(6/r)3 & (fi/r )9 = y 2 ( 5 /j ^)2 (c ** corrected) ‘ (5E) 

P3 + ,2 Af" = 4- 

or 

approx. p3 A3 + P2 A2 = A3 + A2 

C/r)3pj (fS/r)2 (Junction) i^3“'52 Junction^ (7E) 

Thus, ^ J 


P3 = 


1 + A3/A2 


1 + A2/A3 

Qdll-i +i^ 

& P2= 

( 5 /r )2 A7 

_(«/r)2 Ac_ 


(6/^)3 Aj 


(8E) 


For the uniform thickness region the SDreadlncr 

combining Equations ( 5 E) and^(8E) or ^ ^ ® thfckness as given by 


A7 + A- 

A3 M 
L ( 5/^)3 ( 6 /r )2 


(9E) 


reara" rSsL'nUnu^ preve^r^f " Tfp-s°cL? f 
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The location of the stagnation pressure points for the 2D and 3D Jets 
from the missile centerline differ slightly^ Also, their respective 
decay rates differ. The simplest way to tie the two pressure distribu- 
tions together without any disconci.uiities' is to assume they both have 
a common pressure stagnation point relative to the missile centerline. 
Because the pressure loadings of the 2D and 3D jets are proportional 
to their respective areas, the weighted average position of the stagnation 
point from the missile centerline can be expressed as follows: 


(g/r)3 A3 + (g/r>2 A2 

g/r = (lOE) 

A 3 + A 2 

Even though the pressure distributions for the 2D and 3D jets are made 
Co start at a common stagnation point given by Equation (lOE), pressure 
discontinuities will occur at their junctions because of their different 
pressure decay expressions. To rectify this situation the magnitudes of 
the pressures can be modified by factors Y 3 and 79 so as to satisfy 
equilibrium and alleviate the pressure discontinuity at the junctions. 
These pressure correction factors are obtained in a manner similar to that 
done for the flow spreading correction factors. As for the flow case, the 
pressure load due to the rearward vlow is assumed small and neglected for 
simplicity. Then, referring Co Figure IE. vertical equilibrium incre- 
mental loading gives 

^ ir/2 

(dL/dx) 3 2j ^ P 3 d'|j ujUtfre 
0 

(dL/dx ) 2 ^ IP 2 


80 that 

Y3(^Vdx)3 + Y2C^Vdx>2 = + (^Vdx)2 



and 


Thus, 


and 


Y3 P3 “ Y2 ^2 


(Junction) 



@ Junction 


(13E) 


1 + (dL/dx) 3 /«P 2 ■*" 
^3/p2 (^^/dx)3/iP2 


Y 2 


1 + iEP 2 /(dl/dx ) 3 
F2/P3 + lP2/(dI./dx)3 


(14E) 


where P 3 /P 0 is given by Equations (ID) and ( 6 D). For Che uniform pressure 
region the pressure is given by combining Equationa (i3E) and (14E) or 
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X?2 (dL/dx)3 




(dL/dx)3 



(15E) 


Just as for the spreading thickness case, a more exact but more sophis- 
ticated approach could be used to smooth out the pressure distribution 
of the 2 d and 3D jets, but it did not appear warranted initially. 

Table II summarizes the pertinent aquations for modeling and analyzing 
a general, symmetrical 3D oblique impinging jet missile. Appendix F 
gives a procedure for modifying the 2D and 3D jet pressure and thick- 
ness distribution results for the entire jet, not just for the forward 
deflected portion. To do this requires three correction factors, 
rather than two, so that no discontinuity occurs between the junction of 
the 3D side jet and the 2D rearward jet as well as between the 2D forward 
jet. 
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SPREADING CORRECTION FACTORS 



PRESSURE LOADING CORRECTION FACTORS 


FIGURE IE. 


CORRECTION FACTORS FOR SPREADING & PRESSURE 
FOR GENERAL, SYMMETRICAL JET MISSILE 


LOADING 
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APPENDIX F 


SUPPLEMENTARY RELATIONSHIPS FOR GENERAL MISSILE MODEL 


Appendix E gives relationships for defining the general missile model 
assuming most of the flow is diverted '.owards the direction of impact, 
thus simplifying the corrections necessary to tie together the 2D and 
3D jet models chat make up the general missile. Because of the desire 
to have the computer program plot pressure contour lines, a more elaborate 
correction is necessary to prevent any discontinuities in pressure in the 
rearward flow. This is also true of the squashing or thickness expressions. 
This Appendix presents a more exact modifying procedure, so that there will 
be no discontinuities in the pressure or squashing contour distributions 
in any direction. 


Appendix E suggests that all the pressure discontinuities could be eliminated 
by using a linearly changing correction factor for the 3D jets; i.e. y=Y +Y 
However, such a correction function is inconsistent with the 3D pressure^distribu- 
tion, so that, although the junction discontinuities are eliminated, a distorted 
unrealistic pressure distribution can result between >i>=0 and 130^. In order to 
circumvent this problem and still eliminate the discontinuities between the 2D 
and 3D jets^it is proposed to perturbate the 3D pressure distribution using the 
following relationship: 



P 3 + 


'P3-P3 


18(J 


■pCf p 180 

.^ 3 “ 3 



/ ^ 3~^3 "2 


(IF) 


A similar perturbation expression can be used for smoothing or the spreading/ 
thickness of the jet; i.e. 


«3=«3+ i 

r ISO’/ ^3^ 

■^3 ^3 


6 3"* 6 3 




(2F) 


In order to satisfy the force equilibrium or continuity, moment equilibrium or 
fjow split, and avoid discontinuities in the pressure or thickness for bo^-h 
rearward and forward flows of the 2D jet and 3D jet. four correction factors 
are needed. Two of these correction factors are in the perturbation of the 
pressure or thickness for the side 3D jets, whereas the other two correction 
factors apply to the front and rear 2D jets. The expressions for Che necessary 
four correction factors for both the pressure and thickness distributions are 
derived below: 


Pressur e Distribution: Expressions for ?2 F 3 given in Table II. The 

location of Che pressures is based on the stagnation point defined by g; see 
Table II, 


1 2 1 9 

Load Equilibrium: (Correction Factors y^, & y ) 


(P2+'’2>'^+ 2 X f P3d-=(Y]P2+Y2P2) ^ P 3 

o "0 


^Tr 


(3F) 
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-f 


Moment Equilihr-fi^ . 


^ X+2X-^ P3‘^°®>''d'/'=(Y2P2+Y2?pi X+2K^ J~ " p 


P 3 Cos*|'di'; (4F) 


Boundary Conditions; 

P^=Y 2 pJ and Pa^^'^Y^P^ 


Substituting Equations (IF) and (5F) Into Equations (3F) and (4F) we find 


(P|+p 2 )jl = (po^p 180’ 


3’*3 


,1 r y ?3-p3^^Q 


. 2 I ^3~^3 \ 

1 VpfP3^®V 


L o [po_pmJ 3 1 (^po.p^iso; 

md 

[p|-p{)i? =(pg-P +?.y ) 1 ] 2 I 

^ ^ m(p° P 1807 ^ 3 + 0 ' _ 1807 t ^3 /c°sW 

L> 3 3 { 0~^3 / -j 



Y 3 / Cosi/;di|; 


{(pl_p2).(polp^l8d^ i = «x 


'p,-p /p°-p 

3 3 y1,7 3^3 

pO_p 1807 3 / 2 180“ 


Y 3 I Cosi|/d^ 


After integrating the integral quantities in Equations ( 6 F) and (7F) one obtains 
two equations in two unknowns, yj and y^. Qnce yj and y^ are determined from 
Equations ( 6 F) and ( 7 F)^Y 2 ^"“1 ^2 I*® solved for using Equations (5F) . Knowing 

all four correction factors, the pressure distribution is then defined every- 
where for that particular value of X. 


Thickness Distribution: Expressions for ^2 and <T, are given in Table II The 

Tablin' Th'e stagnation point defined by 

Table II. The thickness distribution is only valid for X/r» 1/Sina. 


Flow Continuity: (Correction Factors p^, u\y & P3) 


111? r" - ^ 

j ' 3^V=A^+A^+A^=A^, 


or 


11 12 ^ ” 

A (p202'^*^2"'^^^'^ J o^c’i|)=(2 i r*T'r^)=Aq, 


Flow Split: 


1 1 - . 7 t /2 

P2A2+2X ) 63 di#j=A 2 + 2 X J 5 ^di|; 


(8F) 


or 


11. ;^^/2 
^2‘^2 ■*■ 2X 3 63dii= 62+ 2X J e-di;/ 


(9F) 


Boundary Conditions: 

2.2 - 180° 
P2®2~^3 p2^‘?~^3 


(iOF) 


Substituting Equations (2F) and (lOF) into Equations (8F) and (9F) we find 


“<T* “■ 1 ftn® " 

3'^'^3 )+2X J 6 di|i=(2 j?r-Hrr^)=Ar 


or 




,0 ,^180' 


1 , z’' '3 \ ' 

-«3/ (TTsf 


=2i.r (IIF) 


and 


l(P3+«3) 


4- 2S 


If. 


tt/2 


180 

63 83 

50!^ iso" 




di|j 

3 180 y J 

^ ^3 S 


=j?6o (12F) 
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After integrating the integral quantities in Equations (UK) and (12F) one 

Obtains r„o equations in t„o un.no^s. u| and- u§. Onee and qf are determined 

rom Equations (UK) and (UK), and q| can be sol.d for using Equations 

(lOFl. Knowing all four correccion factors the Chi-’-nAt^e . -i. - 

cne cnii.^ness distribution is then 

defined everywhere for that particular value of X, 


Because of the form of the evDreqsinn Fn*- ^ ». 

the integral signs in Equations (IIF) md C?2F1 quantities under 

of X/r. Thus, the respective values n rhf w . 

all X*s for a given impact confiPiimr* ® ^utegrals remain the same for 
integral take the form, see Tablf Specifically, the first and second 


'63-63 


I8O 


6°-63 


180- 


di|'= 


"1 f* Tj4+Cosa 


I+CosaiV 
l~CosaJ J 


\ 


l[l-Cos^iCosi^ / 


- 1 


dt/) 


and 



dv'/= 


1 


l-CiS.*/ 


f r/ 


t -f CcS ^4 
^CeSi<, 


fCc'j y. 


J-CoiviCcs^' 




ln.paot configuration. thrcknass drstributioni for the particular 
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i\PPENDIX G 


H. STING OF COMPUTER OU TPUT RESULTS FOR DEMONSTRATinM PPObt rx, 5.2 


(PAGES 180-251) 
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V,RIMPtTSTOP,ALPHAO,XOCL,YOCL ►KR.NM,NM.NVA, IPOEL.OEN.ISYM 

0.726000E40A,0.300aOO£*02,0.50dOOOE-01.0.S23600E*00,tJ.45A600E*01,0.377050E*01, 6,120, 5, 6, 

RL 1, 2, 3. 5, 6, 

0.156250E*01,0.950000E+00,0.325000EtOO>-.325000E+00»-.9SOOOOE*00>-.156250E*01, 

RM 1, f, 3, A, 5» 6, 

0.625000E400,0.600000E+00,0.650000E*00,0.650000E+00,0.600000E*00,0.62SOOOE400, 

cl” i, 2r3i'"A', 5, 6, ■ ' " ' ' 

0.210000E+01,0.326000E+01,0.375000E+OXj0.375000E+01»0.326000B+01i0.210000E+01, 

DELTL 1, 2, 3, A, 5, 6, .. . . 

O.S25000E*00,0.2ASOOOE*00,0.0 ,0.0 ,0.2A5000E*00 ,0.625000E+00 , 

WM 1, 2, 3, 4, 5, 6, 

.P.210000E+01,0.326000E+01,0.375000E*01,0.375000E*01,0.326000E401,0.210000£+01, 

MAX 1, 2, >4, 5, 6, 7, 6, 

15, 15, 15, 15, 15, 15, 15, 15, 

NJ3 1, 2, 3, 4, 5, 6, 7, 8, 

9, 9, 9, '• 9, 9, 9, 9, 

,VMI_ 1, 2,,3j,.4, 5, 

0.98550E-02,0.42763E-b2,li.9BB96E-b2,0.10223E-01,0.23340E-01, 

DR I, 2, 3, 4. 5, 

0.35pOOE-OI,0.3SpOOE-01^0.35ppOE-Ol , O..35pO0E-Ol , Q. 35000E-01, 

UO 1, 2, 3. 4, 5, 

0.43350E403,0.e7339E403,0.l4450E+04,0.15531E-»04,0.22620H404, 

'PH2(Ti l ,~lT THRU PH2~( "1,120 , li 


0.47091E-01,0.60371E-01,0.77146E-01,0.93922E-01, 
0 216y«E+00,0.24630E+00,0.27426E+OOr0.30222E400, 
0.20310E+00.0.21988E400,fl.23665E*00,0.25343E400r 
0.19635E400,0.21163E400,0.22640E+00,0.24518E400, 
P5.36959E4 00,0.39755E*00,0.42551E400,0.45347E400. 
0.3S436E400,6,37113E400,b.3a791E400,0.40466F.400i 
0.33069E+00,0.34396E4Q0.0.36075E400,0.37753E400, 
O.S0194E+00,O.S2990E400,0.55786E400,0.5a562E400, 
0.4S670£400i0.50346E40C,0.52026E400,D.53703E400, 
0.4S19SE400,b.49S25E400,0.51200E400,C.52676E400, 
0.65320E400,0.66116E400,0.70912E*00,D.73706E400, 
0.63796E400,0.65474E40n,0.67151E400,0.68B29E400, 


PH2t 2,1, 1) THRU PH2( 2,120, 1) 


0.11070E400,0.12747E+00,0.14425E4CO,0.16102E400, 
0.5266eE400,0.12272E400,0.13600E400,0.15277E+00, 
0. 270200400, 0.29397E400,0.32193E400,0. 34 969E+00, 
0.2619SE400,0.27873E400,0.29S50E400,0.31228E400, 
0.47794E400,0.27397E400,0.28725E400,0.30403E400, 
0.42146E400,0.44522E400,0.47318E400,0.50114E*00. 
0.39430E400,0.41106E4CIO,0.42765E+00,0.44463E400, 
0.61028E400,0.40632E400,0.41960E400,0.43636E+00, 
0.55361E400,0.57757E400,0,60S53E+00,0.63349E4GO, 
0.54556E400,0.56233E400,0.57911E+00,0.59569E4CO, 
0.7ci54E400,O.S575SE400,0.57086E400,0.58763E400, 
0.70S06E*00,0.72883E400,e.7S676E400,0.78474E+00, 


0.52638E-01,0.38395E-01,0.20404E -01,0. 241 28E-02,-.15579E-01,“.33570E-01,“.51561E-01,-.69552E-01, 
-,13102E400,-.16101E400,-.19099E400,-.22098E400,-.24721E*OD,-.19701E-01,“.32944E-01,-.50935E-01, 
-.10491E400i-. 12290E+00,-.14089E400»-.15668E400,-.17687£*00,-.20256E400,-.2323SE400, .26233E400, 
-.90040E-01,-.104t6E400,-.12€27E400,“.14027E400,-.15S26E400,-.17625E400,-.19424E+OG, .21223E400, 
-.2737004 00, -.30369E400,-.33367E400,-.36366E400,-.369S9E400,“.16l38E400,-.i7562E400,-.19361E400, 
-.24759E400,-.26559E400,-.28357E400,-.?0156E400,-.319S5E+0(Jj“.34504E400,-.37502E400»-.40501E*00, 
-.2148SE4 00,-.22913E4 00,-.247i2E+00,-.26SllE4 00,-.263iOE400,-.30109E4 00,-.31908E4 00,' .33707E+00, 


2,0.988e0OE-04, 1 


0.17780F400,0.19458E*00, 
0.1695SE*00,0.18633E400, 
0.37784E400.0.40231E400, 
0.32905E400,0.34583E400, 
0.320eiE400.0.33756E400, 
0.52910E400,0.55356E*00, 
C.46140E400,0.47fil8E40D, 
0.45315E400,0.46993 c400, 
0.661450400,0.665910+00, 
0.61266E400 ,0.629430400 , 
0.604410400,0.621180+00, 
0.812700+00,0.837170+00, 


- . 87543E-01 . 10553E+CC , 
-.66927E-01,-.86918E-01, 
.29232E400,-. 318550+00, 
.230220+00, -.248210+00, 
.21161E400,-. 229600+00, 
.43500E400,-.46123E+00, 
.355070+00, -.373060+00, 
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o0047E+00,-.31846E+00.-.33645E+00,-.3544«+00, 
49987E+00»-.52985E+00,-.S59a«iE+00,-.S860aE*00, 
96176E+00»-.47975E*00,-.<i9774E*00^-.51573E+00, 
-,44314E+00»-.461X4E+00,-.47913E+00,-.49712EfOO» 
-.64255E*00»-,87253E+00|-.70252E+00»-.7287SE+00» 


PH2( 1,1, 2) ~IRU PH2« 1,120, 2) 


-.213<i9E+00,- 

-.I^e^OE^OO,- 

“_aiS04E+00,- 

“.23S69E+0O,- 

-.17060E+00,- 

-.21624E+0O,- 

r..25S12E+00,“ 

-.19002E+00,- 

-.23566E+00,-, 

-.27732E+00,-, 

r‘JiZ22E+0O,-. 

-.25786E+66,-. 


.206452^00, 

.13777E+00, 

i.J^766.E*0,p4 

.23065E«00, 

.15997E400, 

.20986E400.- 

,2E007E400,- 

.17939E+00,' 

.22929E400,* 

.27227E*00,- 

i2pl59E400;i' 

25148E400^< 


-.20207E*00,’ 

-.12714E+00,- 

-^6129E+00,- 

-.22427E+0O,- 

-.14939E400.- 

-.20348E+00,- 

-..24369E+00,- 

-.16877E+00,- 

-.22291E+00,- 

.26569E400,* 

.19097E400,- 

.24511E400,- 


■.19569E400,. 

’.11851E400,- 

,17491Ef00»- 

.21789E+00,- 

.13871E+00,- 

.19711E+0O,- 

.23732E+00,- 

.15814E*09,- 

.21653E400,- 

.25951E+00,- 

.18034E400,- 

.238732400,- 


•.18932E400,' 

•.10721E400,' 

•U6a53B40Q,- 

•.21152E400,- 

.12941E400,' 

•19073E400,- 

.23094E400,- 

.14884E400,- 

.21016E400,- 

.25314E400,- 

.17104E400,- 

.2323BE400,- 


.i82V4b400,- 

.22A59E400,- 

.15950E400,- 

.20514E400,- 

.24679E400,- 

.18170E400,- 

.22456E400,- 

.26622E400,- 

.20112E400,- 

.24676E400,- 

.28342E400,-. 

.22332E4D0,-. 


.17656E400,- 

.21955E40O,- 

.14887E+00,- 

.19876E400,- 

.24174E400,- 

.17107E400,- 

.216192400,- 

.26117E400,- 

.19049E400,- 

.2403SE400,-, 

28337E400,-. 

21269E400,-. 


.i7019E400,- 

.21317E400,- 

.13824E400,- 

.192382400,- 

.23S37E40Q,- 

.16Q44E400,- 

.21161E400,- 

.25479E400,- 

.17987E400,-, 

23401E+00,-, 

.27699E400,-, 

.202072400,-. 


.16361E40O,- 

.20679E400,- 

.12761E+00,- 

.18601E400,- 

.22899E40O,- 

.14981E400,- 

.20543E400,- 

.24642E400,- 

.169242400,. 

.22763E400,. 

.27061E400,. 

19144E400,- 


.15743E400, 

.200422400, 

.I1631E400, 

.17963E400, 

.22261E400, 

.14052E400, 

.19906E4GO,. 

.24204E400, 

.15994E400, 

.22126E400, 

.26424E4Q0, 

.16214E400, 




0.18763E400,0 

0.10614E400.0 

0.14733E406,0' 

0.18353E400,0 

0.10204E400.0 

_&.1 4323E 400.Q, 

O.i7994E4b0,0' 

Q.98449E-01,0, 

0.13964E400,0. 

0.1756SE+00.0. 

0.94349E-01,0. 

0.13554E400,0. 


.iei31E400,0 

;92831Er01.p 

13935E400 ,0 

17721E400,0 

88731E-01,0 

13525E400jO 

173'62£4i]6,6 

85143E.01,0 

13166E400.0 

16953E400tO 

8i643E-bl,b. 

12756E400,0. 


.17333E*00,0 

.79505Er01,0 

.13136E40b,b. 

.169C3E400,0. 

•7542SE-01,0. 

.12726E400,p. 

.16B64E4bb,0. 

.71838E-01,0. 

.12367E400.0. 

.16154E400,0. 

67736E-0lib, 

119582400,0. 


.165352400,0 

.662eOE-01,0 

.12338E+00,0 

.I6125E400,0 

.62120E-01,0. 

.119282400,0. 

.15766E400,b. 

.S8532E-01,0. 

11569E400,0. 

15356E400,0. 

544'32E-01,C. 

11159E400,0. 


.15736E400,0 

.S4577E-01.0 

.11540E400,0 

.15326E400,0 

.50477E-01,0 

.111302400,0 

.14968E400,0 

46890E-01,0 

10771E400,0. 

14557E4Q0,0. 

42790E-01,0. 

I0361E400,0. 


.14938E400,0 

.185582400,0 

.10409E400.0 

.145282400,0 

.18148E400,0 

.999662-01,0 

.141692400,0 

.177902400,0. 

.96399E-0i,0. 

.137592400,0. 

.17379E400,0. 

92299E-01,0. 


.14140E+00,0 

.17926E400,0 

.90781E-01,0 

.137302400,0 

.175162400,0. 

.866812-01,0. 

.133712400,0. 

.171582400,0. 

830932-01,0. 

129612400.0. 

167472400.0. 
789932-01,0 


.133412400,0 

.17128E400,0 

.77475£-01,0 

.12931E400,0 

.16716E400,0 

.73375E-01,0 

.125722400,0 

163592400,0 

697882-01,0 

121632400.0. 

159492400.0. 
65688E-01,0. 


.12543E400.0 

.163302400,0 

.64170E-01,0 

.12133E400,0 

.15920E400,0 

.60070E-01,0 

.11774E400,0 

.15561E400,D 

.56462E-01,0. 

.11364E400,0. 

.151512400,0. 

.523822-01,0. 


.U74SE+OOj 

.155312400, 

.52527E-01, 

.U335E400i 

.15121E4O0, 

.48427E-01, 

.10976E400, 

147632400, 

44840E-01, 

105662400, 

143532400, 

40740E-01, 


PH2( 1,1, 3J fHRU"p¥f(*lVi20,'' 31 


^47919E400,- 

•.'384b8E46b,- 

.42005E400," 

.45019E400,. 

.35509E400,- 

T39^lb5E460,'. 

.42482E400,- 

.32971E400,. 

.365685400,- 

.“S^SgEE+bb,- 

.30071E400,- 

.33666E400,. 


.47182E400,- 

36856E40b,- 

41073E400,- 

44282E400,. 

33956E400.- 

38174g40b,’^ 

41744E400,- 

31418E400,- 

35636E400,- 

386452400,- 

26516E400,. 

32736E400,- 


.4625DE400,- 

735303E400,- 

.4O142E4O0,- 

.43350E400,- 

.32403E400,. 

1'37242E400,'^ 

.40613E400,- 

.29865E40O,. 

.347042400,- 

.379l3E400;- 

.26966E400,- 

.31805E40O,- 


•.453182400,- 

•.33750E400,- 

.39210E400,- 

.42418E400,- 

.30850E400,- 

:36310E400,- 

.39881E400,. 

.263132400,. 

.33773E400," 

.3b981E400.. 

.25413E400,- 

.30873E400,-, 


.44387E4O0,- 

.32391E400,- 

,38276E400,- 

.41487E400,- 

.29491E400,- 

.35378E40O,. 

.38949E400,. 

.269S4E400,. 

.32841E400,. 

.36049E400,. 

24054E400,. 

29941E400,. 


.43455E400,- 

.46469E400,. 

.369582400,- 

.405552400,- 

.435692400," 

.340S9E400," 

.30018E400,. 

.41032E400,. 

.31521E400,. 

.351162400,. 

.361322400,. 

28621E400,. 


.42523E400,. 

.45732E400,- 

.3S406E400,- 

.396232400,- 

.428322400,- 

.325062400,. 

.37066E400,. 

.402942400,- 

.29968E4Q0,-. 

.34186E400,.. 

.37395E400,-. 

.27069E400,-. 


.41592E400,. 

.448002400,. 

.338532400,. 

.38692E400>- 

.41900E'00»- 

.309532400,- 

.361542400,- 

.393632400,- 

.284165400.- 

.332542400,- 

.364632400,- 

.25516E400,- 


.40660E400,. 

.438662400,. 

.32300E400,. 

.37760E400,. 

.40969E400,- 

.294002400,- 

.352232400,. 

.384312400,. 

.268632400,. 

.32323E400',. 

.35531E400,. 

.239632400,. 


.397282400, 

.429372400, 

.309412400, 

'.3682QE400, 

.40037E400, 

.20041E400, 

.34291E400, 

.37499E400, 

.255042400, 

.31391E400, 

.34600E4Q0, 

.226042400, 


PH2( 2,1, 3) THRU PH2( 2,120, 3) 


■m- 


•-S47blE-01,- 
•-I'ii^SE+OO,- 
•.2240SE+00,- 
-.3119a£*00,- 
■.39S7ie<tOO,- 
.<i6133E*CO,- 
.53711E+00,- 
.•■623S3E+00 j — 
.70646E*00i.- 
.79439E+00,- 
.88I12E*00,-, 
..96379E+00,-:> 


.61426E-01, 

-15553E+00, 

•23255E+00, 

.3ia71E+00, 

.‘»12a7E*00r 

-4S9S3E400,' 

.54383E+00,- 

,63799E+OOr 

.71995E+00,'- 

.60112E+00,- 

.69526E*00,- 

,9Z??^E+OOj- 


-.69922E-01.- 

--16979E400,- 

-.2‘^104E*00,' 

-.3272IEfOD,- 

'.42703£*00^- 

'.49S33E+00,- 

-.55233E+00,- 

:.65215E+00,- 

•-72345E+00,- 

.80962E+00,- 

•.90944E*00»- 

.^98574E+00»- 


■.7S4i7E-Oi,- 

.18390E+00,- 

.24954E+00,'r 

.33570E+00,- 

.44119E+00,- 

•50682E*00,- 

.5&083£-*00,- 

-66a31£f00»- 

i73194E*00,- 

.6I811E400,-. 

.92360E+00,- 

.93923E*OOj-, 


'.869I3E-bl,- 

•-19629E+00,- 

^-25S05E*00»- 

•.34420E400,- 

.45353E400,- 

.51532E400,- 

.56932E400,- 

-67870E400^- 

•74044E400,- 

.82661E*00»- 

.93599E+00,- 

..99773E+00,- 


.9S408E-01,- 

.16334E+00,- 

.27007E400,- 

-3S269E400,- 

.44063E+00,- 

.S2735E400,- 

.S77S2E400»- 

.66575E400,- 

.75248E40Q,- 

.33510E400,-. 

92304E400,-. 

-I0093E401,-. 


.10390E400,- 

.19007E400,- 

-28423E400,- 

.36H9E400,- 

.4473SE400,- 

.54151E400,. 

.S6631E400,- 

.67248E400.-, 

.76664E4CO,-. 

.8436CE400>-. 

.92976E4O0,-. 

10239E401,-. 


.11240E400,- 

.19356E4CO,- 

.29S39E400,- 

.36968E400.- 

.4S5S5E400,- 

.S5567E400,- 

.59481E400,- 

.68097E400,- 

•76O79E4C0,- 

.85209E400,- 

93326E400,- 

10331E401,-, 


■♦12090E400, 

'.20708E400.^ 

'.312S5E400,- 

-.378ieE400,- 

-.46434E400,- 

.S6963E400,- 

’.60330E400>> 

.6S947E400,- 

-79495E400,- 

•86059E400,- 

.94675E400,- 

.10522E401.- 


^.12939E400, 

'.215S6E400, 

'.32493E400, 

•.38668E40I3, 

'-47284E400, 

•.SS222E400, 

•6X180E400, 

•69796E400, 

.80734E400» 

.86903E400, 

.95525E40B, 

.10648E401« 


PH2< 1,1, «;,) THRU PH2( 1.120, 4) 


0.779I2E400,0 
-.S9894E-01,- 
. P.283.03E4 00,0 
0.6027SE»00,0. 
-.26626E400,-. 
0.10666E400,0. 
^0,*Jf6‘i3E400,0. 
-.42059E400,-; 
-.47663E-01,-. 
0»27206E400,0. 
,*1.59696E400.-. 
-.22403E466,-. 


-7U73E400,0 

-23177E400,-, 

.1?790E400,0. 

.53S36E400,0. 

.40SISE400,-. 

.21533E-01,-. 

.38103E400j0. 

.■56247E4bo',-.' 

.132792400.-. 

.20466E400.0. 

,73884E400,-. 

30916E40b,-" 


.62660E400.0 

.37366E400,~ 

.1127SE400.0. 

.4S023E400.0, 

-SS003E400,-. 

.63595E-01,-. 

,2?S91E4.00,0. 

.7C435E400,-. 

•21792E400,-. 

.n954E400,0. 

,88072E4004-. 

.39429E4o6,-. 


.S4147E400.0 

-51554E400,- 

.27647E-01,- 

.36S10E400,0 

.69191E400,- 

.14872E40D,- 

,21078E+00,0 

.84623E400,-. 

.30305E400,-. 

.34407E-01,-. 

.10226E401,-. 

•47942E400,-. 


.45635E400,0 

•63963E400.0. 

.57482E-01,-, 

.27997E400.0. 

.81605E400,0. 

.23335E4O0,-. 

.1256SE400,0. 

.97033E400.0. 

.38818E400,-. 

S0720E-01,-. 

11466E401,0. 

S6455E400,-. 


*37122E400,0 

-69094E400.0 

.1760SE400,-. 

.1943SE400,0. 

.S1457E400,0. 

•35445E400,-. 

.40522E-01,-, 

•36024E400.0. 

.50877E400,-. 

.135SSE400,-. 

.18387E400,0. 

-68514E400,-. 


-2e609E400,0 

.623542400,0. 

.31996E400,-. 

.10972E400,0. 

.447X7E400,0. 

•49633E400,-. 

•44606E-01,-. 

.29265E400,0. 

.65065E400,-. 

.22098E400,-. 

.11648E400,0. 

.82703E400,-. 


.20Q96E400.0 

.53842E400.0 

.46184E400,- 

.24590E-01,-. 

.36204E400,0. 

.63321E400.-. 

.12973E400,-, 

,20772E400,0. 

.79254E400,-. 

.30611E400,-. 

.31350E-01,-. 

96891E400,-. 


.11583E400,8 

•45329E400,0 

•60372E400.-, 

-60538E-01,-. 

.276926400,0. 

.76009E400,-. 

,21466E400,-. 

.122S9E400.6. 

.93442E400,.. 

•39123E400,-. 

.53778E-01,^. 

IUO8E4OI1,-. 


•30703E-01, 

.36816E400, 

.72767E400, 

.14S67E400, 

•19179E400, 

■90424E400, 

.29999E400, 

.37465E-01. 

.105S6E401, 

.47636E400, 

15690E400, 

12349E401, 


-PHZt e. 1, 4) TH RU 


-.16235E401,. 

__--43313E-0X,0 

-.79569E*b0,- 

-.14513E*01,- 

0.128S7E400,0 

_r^23_51E400.- 

-.130b7E4'6i,-! 

0.27953E400.0 

-.47285E400,-. 

-^.112e5E40X,-, 

e.4sl72E4db,0. 

-.30066E400,-. 


.15010E401,- 

.21467E400,0, 

.64d90Er00,-, 

.13288E401,-. 

.38686E400.0, 

.46371E400,;:v. 

.117816401',-. 

.537526400,0. 

.3180SEJOO,-. 

.10059E401,-. 

.7097iE4bo.O. 

.145S6E400,0. 


.13462E401,- 
-47266E400,0 
. 486115400 j-, 
.1I740E401,-. 
.644856400,0. 
-31392E400,-. 
.10233E4bi',-. 
•79551E400,0. 
.16326E400,-. 
.55113E400,-. 
.96770E40d^O. 
.89306E-02.0. 


.119146401,- 

.730656400^0, 

.33131E400.-, 

.10192E401.-, 

.90284E400.0, 

.15912E400,-, 

.868536400,-. 

.10S35E*01,0. 

,84618E-02,0. 

.69634E4C0,-. 

.122576401,0. 

•16373E400.0. 


-10366E401,- 

.9S639E400,- 

-17652E400,0 

.864406400,-, 

.11286E401,-. 

.433036-02,0. 

-713736400,-. 

.12792E401,-. 

.14633E400,0. 

.541556400,-. 

.145146401,-. 

.318526400,0. 


-881796400,- 

.153746401,- 

.42775E-01,0 

.70960E400,- 

•13652E401,- 

.214966400,0 

.S5894E400,- 

.12146E401,- 

.365626400,0 

.386756400,- 

.10424E401,- 

.537616400,0 


-726996400,- 

.14149E401,- 

•30076E400,0 

.554816400,- 

-124276401,- 

.47295E400,0 

-40414E400,-. 

.10920E401,-. 

.623626400,0. 

231966400,-- 

919636400,-. 

795806400,0. 


.572206400,- 

.12601E401,- 

'•553766400,0 

•40001E400,- 

.10879E401,- 

.73094E400,0 

.249356400,- 

•93723E400,- 

-681616400,0 

.771636-01,0 

•76S04E400,- 

.105386401,0 


.41740E400,- 

.11053E401,- 

.816756400,0 

-245226400,- 

•93310E400,- 

.988936400,0. 

-94555E-01.0. 

-78243E400,-. 

-U396E401,0. 

.77631£-0l,0- 

-61025E400,-. 

.13118E401,0. 


•26261E400, 

.95049E400, 

.10425E401, 

.90424E-01, 

.7783DE400, 

-12147E4C1, 

.602406-01, 

.62764E400, 

.13653E401, 

.23243E400, 

.4554.5E400, 

•1537SE401, 


~PH2( 1,1, SriTlRU 5j 


_-.85149E400,- 

-.'135816401,'"- 

-.8BS12E400,-. 

--23917E40O,-. 

-.795776400,-. 

'-:2455IE4flcr,-'; 

0.20265E400.0. 

-•30375E400,-. 


89078E400,- 

'i44eSE'40i;- 

657756400,- 

323466400,- 

67S49E400,-. 

29F44E4C0,-. 

163566400,0. 

38646E400,-. 


•94040E400,- 

.iS235£40i;- 

.90736E400,,- 

-37609E400,- 

-96120E400,- 

,1450'6E400,- 

-U394E400,0 

469176400,- 


-99003E400,- 

-16062E431,- 

.9S700E+00,- 

.427716400,- 

.1043964.01,- 

.39465E400,- 

.643l2E-01,0 

.5S186E400,- 


-10396E401,- 

•16786E401,- 

-10066E401,- 

-47734E400,- 

-111636401,- 

•44431E400,-. 

.14636E-0X,-, 

.624256400,0. 


-10893E401,- 

-57033E400,- 

-10769E401,- 

•52697E400,- 

.801S7E-02,- 

•514626400,- 

.34941E-01,- 

-43401E400,0. 


.iX339E401,- 

•609626400,- 

11596E401,- 

576596400,-. 

<473046-01,-. 

59733E40C,-. 

84567E-01,-. 

44472E400,0. 


.11885E401,- 

659246400,- 

124236401,- 

626226400,- 

969306-01,-. 

63004E400,-, 

134196400,-. 

395096400,0. 


.123826401,- 

.708S7E400,- 

-13251E401,- 

.67585E400,- 

.146566400.- 

.762756400,-, 

.183S2E400,-. 

-345476400,0. 


.12878E401, 

.75350E400, 

-13974E401, 

.725476400, 

•19618E400, 

.83512E460, 

-23345E400, 

-295846400, 


._=53E^00.0.7«,.H.0a^0.7O,C^O0.0.e5,65E.0».o;61O0SE:00:0:5.S 

PH3{ 2,1, 5) THRU PH2I 2,120, 5) 


00 

1 


0.47393E+6o,0 

0.17571E+01,0 

0.79695E+00,0 

0 . 119862401 , 0 , 
0.22S51E400,0. 
-.573212400,-. 
_i>. 709922400,0. 
-.25016E400,-. 
-.U317E401,-. 
0.15145E400.0. 
_7.AOfi63E400,-. 


.57344E+00 ,0 
.19666E*01,0 
.92268E400,0 
,X4962E-01,0 
.140812401,0 
.364202*00,0 
.47370E400,- 

919422400.0. 

124462400.0. 
103222401,-. 
36094E4QO,0. 
6.9224E400i7, 


.699132400,0 

.21761E401.0 

.10464E401.0 

^40662400,0 

.161762401,0 

.409892400,0 

.34801E400,-. 

.112692401,0. 

.123002-02,0. 

9Q648E400,-. 

570432+00,0. 

5S724E+00j_-. 


.824d3E400,0 

.23855E401,0 

.11741E401.0 

.26635E4O0j0 

.ie271£401,0 

.61559E400,0 

.22231E4C0,-. 

.133e4E«01,Q. 

.I2692E+00,0. 

78079E+00,-. 

77993E+00,0. 

43155E4D0,-. 


.95052E400,0 

.256BSE401,0 

.129982401,0 

.392052400,0 

.201042401,-, 

.741292400,0. 

.966182-01,0. 

.152172*01,-. 

25262E+00,0. 

65S09E+QO,-. 

96323E+00,-. 

30585E400,-. 


.10762E401,D 

.19469E4Q0,0 

.14778E401.0 

.517742+00,0 

.363782*00,- 

.919352+00,0. 

.290772-01,0. 

.852452+00,-. 

.430692+00,0. 

52940E4O0,-. 

14109E+01,-. 

127792+00,0. 


.12019E+01,0 

.29420E+00,0 

.16873E+01,0 

,64344E+00,0 

.264282+00,- 

.11286E+01,0. 

.154772+00,0. 

752942+00,-. 

640182400,0. 

403702+00,-. 

13114E+01,-. 

817062-01,0. 


.13276E*01,0 

.41989E+00,0 

.18968E*01,0 

.76913E+00,0 

.138582+00,- 

.133S3E+01,0 

.28047E4OO,O 

.62725E+00,- 

8496/c+00,0 

27801E+00,-. 

11857E401,-. 

2912QE400,0. 


.14533E+01,b 

.545592*00,0 

.210632*01,0 

.894632+00,0 

.128S5E-01,0 

15478E+01,0 

406162+00,0. 

50155E+00,-. 

105922+01,0. 

15231E+00,-. 

10600E+01,-. 

50069E+00,0. 


.157902+01, 

.671282+00, 

.228962+01, 

.102052+01, 

.112812+00, 

.17311E+01, 

.531662+00, 

.375862+00 

124252+01, 

26617E-01, 

93433E+00, 

68400E+00, 


SH2{ 1,1, 11 THRU SH2( 1,120, 1) 


0.18S00E+05,0 
0.X6800E+05,0 
. 0_.16620E+05,0 
O.I515DE+05,0*i 
0.15150E*05,0. 
0.142202+05,0. 
0.13520 E405.»V 
0.13520E+Q5,0. 
Q.1134D£+O5,0. 
0.917002+04,0. 
-P*.917ppE+04iP. 
0.7024bE+04,0.’ 


.18600E+05,0 

.iadOOE+05,0 

,16620E+05,0 

I5150E*05,0 

151502405,0 

1422DE405.0 

13520E+05,0 

13~52bE4Q5.b 

U340E+05.0. 

91700E+04,0. 

91700E+04,0. 

70240B'+b4,0, 


.188002+05,0 

.186002+05,0 

.166202+05,0 

.15150E+05,0 

.15150E+0S.0 

.14220E+05,0 

.135202+05,0 

.13520E+05,b, 

.11340E+05.0. 

91700E+04.0. 

91700E+04.0. 

70240E+04,b. 


.188002+05,0 

.188002+05,0 

466202+05,0 

.151502+05,0 

.151502+05,0 

.142202+05,0 

.135202+05,0. 

135202+05,0. 

113402+05,0. 

917002+04,0. 

917002+04,0. 

702402+04,0. 


.168002*05,0 

.188002+05,0 

.166205+05,0 

.15150E+05,0 

.151502+05,0. 

.142202+05,0. 

135202+05,0. 

135202+05,0. 

113402+05,0. 

91700E+04»0. 

.917002+04,0. 

70240E+04,0. 


.16600E+05,0 

46620E*05,0 

.16620E+05,0 

.151502+05,0. 

.14220E+05,0. 

.14220E+05,0. 

.135202+05,0, 

113402+05,0. 

113402+05,0. 

917002+04,0. 

702402+04,0. 

702402+04,0. 


.iaBOOE+05,0 

.16620E+05,0 

.16620E+05,0 

.151502+05,0 

.14220E+05,0 

.142202+05,0. 

.13520E+05,0. 

.lI340E+05,0. 

1I340E+05,Q. 

91700E+04,0. 

702402+04,0. 

702402+04,0. 


.16BO0E+05,0 

.166C0E+05,D 

.166202+05,0 

.151502+05,0 

.14220E+05,0 

•14220E+05,0. 

.13S20E+05,0. 

11340E+0S,0. 

11340E+05,0. 

91700E+04,0. 

70240E+04.0. 

7C240E+04»0, 


lSdOOE+05,0 

16620£+05,0 

16620E+05,0 

.15150E+05.0. 

.14220E+05,0, 

14S20E+05,0, 

13520E+05.0. 

I1340E+05,0. 

11340E+05,0. 

91700E+04,0. 

70240E+04,0. 

70240E+04,0. 


.188002+05, 

.166202+05, 

.166202+05, 

.151502+05, 

.142202+05, 

.14220E+05, 

.13520E+05. 

1134DE+05, 

11340E+05, 

91700E+04, 

702402+04, 

70240E+04, 


4 ,_1 120 , 1 j 


-.23350E+05, 
. -_*2«50E+05, 
-.20660E*05', 
-.18850E+0S,' 
188502*05, • 

-.168402*05,'. 
-.16840E+05,- 
-.14160E+05,* 
-.11490E+05,- 
-.114’90E*0S7^ 
-. 885202+04,- 


.23350E+05,- 

23350J+05,- 

2d660E+Q5.-" 

168502*05,-. 

188502+05,-. 

177102+05,-. 

168402+05,'^, 

16340E+05,-. 

14160E+05,-. 

114^0E+0S,-. 

XUSOE'+OS;-. 

85S20E+04,-. 


. 23350B*05,- . 23350E+05 , 
43350E+05,-.23350E+05, 
. 206602 + 05, -.2O660E+0S, 
188502+05,-. 188502+05, 
188502*05, -.188502+05,' 
177102+05, -.177102+05, • 
.^6a40E405,-.16640E♦05,• 
16340E+05.-.16S40E+05,. 
14160E*OS,-.14160E*05,- 
11490E+05, -.114902+05, - 
11490E♦OS,~,114902+OS,- 
88S20E+04, -.885202*04,- 


.233SOE*05,-.23350B+05.-.2335QE+05,- 
. 23350 E+05 20660 E+ 05 ,-.206602+05, 
.20660E+OS,-.20660E+05,-. 206602*05, 
.18650E+05.-.18850E+05, -.188502+05, 
.18050E*05,-.17710E+05,-.17710E+05,- 
47710E+05,-.17710E+05,-.17710E+05,- 
.16840E*OS,-,Z6640E+05»-.16840E+05,. 
46840e+05,-.14160E+05,-.14160E*05»* 
44160B+OS»-.14160E+05,-.14160E+05,- 
.11490E+05,-.U490E+05,-.1149DE+05,- 
114902+05, -.885202+04, -.885^0E+04,• 
e8520E+04,-.885^0E+04,-.885^0E+04,- 


.233502+05, 

.206602+05, 

.206602+05, 

.168502+05,' 

.177102+05,' 

.177102+05,. 

468402+05,. 

44160E+05,. 

44160E+05,- 

11490E+05,* 

885202+04,* 

ae520E+04,- 


.233502+05, 

.206602+05, 

.206602+05, 

.188502+05, 

.177102+05, 

.177102+05,- 

.168402+05,. 

441602+05,. 

441602+05,* 

414902+05,- 

'885202+04,* 

865202+04.- 


.23350E+D5, 

.20660E+05, 

.206602+05, 

.286502+05, 

.177102+05, 

.177102+05, 

•168402+05, 

441602+05, 

441602+05, 

.114902+05, 

885202+04, 

88520E+04, 


SH2( 4,1, T1 THFWSHZr 'TilSOi' IT 


-.«6500E403,-.66500E*03.-.6(>500Et03>>.66500£403,~.66500E^03.~.66500E«03,-.fi6500E«03>-.6&500E4-03.-.66500E4^Q3>>.66500Ef03» 

-.66500E^03>-.66500Ef03.-.66500E403t-.66500E403.>.66500E-f03.-.66500E«03»-.66500E403>'.66500E403.-.6«500E403i-.66500E403. 

-.66500E4Q3.-.66500E403»>.66500E403f.66500E403,-.665COE403.-.66500E403i-.fi6500E403>-.66500E403t-.66500E403»-.66500E403t 

-.66<*90E403.-.66490E403»-.66<(90E403t-.66<»90E403,-.66490e+03i-.66A90E403*-.66<»90E403>*.66'»90E403i-.66<»90E403,-.66<»90E+03. 

-.66490E403i-.66490E403t-.66490E403*-.66490E403i~>66490E403>~.66490E403>-.66490E403*-.66490E403i-.66490E+03«-.66490E403t 

-.66490E403,-.66490E+05,-.66490E403»-.66490E403.-.66490E+03»-.66490E403i-.66490E403»~.6649aE403i-.66490E403,~.66490E+03, 

-.66490E403>'-.66490E403>-.6649QE403f-.66490E403«-.66490E403*-.66490E403t-.6649QE403>~.6649QE403»-.66490E403(-.66490E403» 

-.66490E403*>.66490E403.-.66490E403>-.66490E403«-.66490E403.-.664SOE403>>.66420£403»-.66420E403>~.664EOE403»-.66420E4-03> 

-.66f;20E4p3,-.6642aE403<.-.6642QE403}~.66420E403)-.6642aE403t-.664ZOE403t-.66420E403>>.66420E403*-'.66426E403}*>.6642QE4D3> 

''>.66260E403.-.6626bE403»~.6626aE403t>.66260E403«-.66260E403i-.66260E403»-.6626GE403>-.&&260E403i-.66260E403»-'.66260E4D3> 

>.66260E403*-.66260E403«-.6626aE403>-.66260E403«-.66260E403>>.659?OE403,-.6597GE403»-.6597QE403»-.65970E4a3*-.65970E+03» 

-.6S970E403»-.65970E403.-.65g70E403,-.65970E+03,-.6S970E403,-.65970E403,-.65970E403»-.6S970E403,-.65970E403,-.65970E403, 


SH2C 1,1, 2) THRU SH2< 1,120, 21 


-.4283o’E 404,-.42830E404,-, 428302+04, -.42630E404,-.42830E404,-.42830E404,-.42830E404,-.42630E404,-.92630E404,~.42B30E404, 
-.4283GE404,«.42630E404,-.4263DE404,-.42a30E404,-.42830E404,>.32600E404,*.32eOOE4(]4»>.3E800E404f-.32800E404,~.328DOE404, 
-.32eOOE404,-.32600E404,~.32dOOE404,-.32800E404,-.32600E404,~.32800E404,-.32800E4l34,>.32300E4Q4i-.32BOOE404,-.3e600E404, 
-.26030E404t-.26030E404,-.26030E404,-.26030E404j-. 26030E+04,-.26030E404,-.26030E404,-.26030E4D4,-.26G3QE404.-.26030E404, 
260302404, -.26030B404,-.26030E404,-.2603GE+04,-.26030E+04,-.21770E404,-.21770E404,~.21770E+04,-.2177DE404,-.2Z770E404, 
-.21770E»04,-.21770E404,-.21770E404,-.2a770E404,-.2177QE*04,-.21770E404,-.21770E404,-.21770E404,-.21770E404,-.2i770E404, 
-.1852QE4n4,-.XeS20E+04,-.ie520E404,-.ie520E404,-.18S2QE+04,-.l8520E4fl4,-.18520E404,-.18520E+04,-.18520E404,-.ia520E404, 
185208404, ~.1852gE4^4t-.lfi52aE404,-.l&32pE404}-.l&520E404,-.85220E403,-.85220E403,>.8522aE403,-.85220H403,-.S5220E4D3» 
-’.65220E403,-V8522bE+03,-’.8S220E403,--85220E403,-.85220E+03,-.85220E403,-.85220E403,-.aS220E403,-.8S220E403,-.S5220E403s 
0.12900E403,0.1290GE403,Q.12900E4Q3,0.1290QE403,0.12900E403,0.12900E403tO.X2900E403,O.I290QE403,0.1290aE403,0.12900E403, 
O.X2900E403,0.1290GE4D3,0.12900E403,0.12900E403,0.12900E403,0.10510E404,0.105IOE4(]4,O.X0510E404,0.10510E404,0.10510E404* 
O.X0510E404,0.1D5lOE404,0^10'vlOE404}0.10510E+04,Q.l05XOE404,0.10SlaE404,D.1051QE404,0.105XOE404,0.10510E404,0.10310E404, 


CO 

Ui 

I 


SH2( 2,1, 21 THRU SH2( 2,120, 2) 


0.30620E405,0.30620E405,0.30620E405,0.30620E405,0.3062QE+05,0.30620E405,0.31}&20E405,0.30620E405,0.3062DE405,0.30620E4059 

0.3Q620E405.0.30620£405,0.30620E405,0.30620E405,0.3062QE405,0.26610E405,0.26610£+05,0.26610E405,0.26&IOE405»D.26S10E405f 

0.26610E405,0.266IO£405,0.26610E405,0.26610E405,0.26610E405,0.26610E405,0.26610E403,0.26610E405,0.26610E405,0.26610E405, 

~0.23960E+05,0.23900£405,b.23900E405,0.23900E405,0.2390QE405,0.23900£405i0.23900E405,0.23900E405,0.23900E40?,0.23900E405* 

0.2390DE+D5i0.23900E405,0.23900E405,0.23900E405,0.23900E+05,0.22200E405.0.22200£4Ci5,0.22200E495,0.22200E405,0.22200E405, 

0.2Z200E405,0.22200E405,Q.22200E405,0.22eOOE405,0.22200E405,0.22200E405,0.22200E405»0.2220aE405,0.22200E405,0.22200E405, 

Oj^089pE405r0.20890E405,0.20890E405»0.20a90E405,0.20690E405,0.20690E405,0.2Ca90E405,0.20390E405,0.20890E405,Q.20890E405, 

'b.2bd9bE+b5,5.2039aE405,0.20690E405,0.20690E405,0.20890E+05,Q.16S90E405,0.16890E405,0.1&890E+05,0.1639DE405,Q.16&90E4D5, 

Q.ie890E405,0.16890E405,0.16890E405,0.1&a90E405,0.16B90E405,a.l6890E405,0.1689GE4a5,0.16890E405,0.1689QE405,0.16a90E405, 

0.12940E405,0.12940E405,0.1294aE405,0.12940E405,Q.12940E405,0.12940E405,0.1294QE405,0.12940E4D5,0.1294QE405,0,12940E405, 

0.12940E405,O.X2940E405.0.X2940E+05,0.12940E405,0.12940E+05,0.90940E404,0.90940E404,0.9D940E404,0.90?40E404,0.90940E404, 

0“9b^OE4d4,0.90940E4b4,0-90940E404,0.90940E404,0.90940E404,0.90940E404,0.9094QE404»0.9D94aE404,0.90940E404,0,9094BE404, 


SH2C 3,1, 21 THRU SH2j 3,120, 21 


-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E+04,-.30720E404,-.30720E404i 
- 30720E404,-.30720£404,-.30720E404,-.30720E404,-.30720E404»-.30720E404,-. 307205404, -.30720E404»-.30720E404,-.30720E404, 
"'-.'30720E404,-.30720E4b4,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.3D720E404,-.30720E404» 
-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404, 
-.30710£404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,-.30710E404,".3D710E404,-.30710E404, 
-.30710E+04,-.307XOE404,~.3e710E404,-.30710E404,-.30710E4D4,-.307aQE404,-.30710E404,-.30710E404,-.30710E404,-.30710E4D4, 
“■^07nE+04,-.30710Etfl4,-.307IOE404,-.30710E404.-.30710E404.-.30710E404,-.30710E404,-. 307102404, -.307IOE4B4,-.‘30710E404, 
-.30710E404,-.30710E4fl4,-.30710E404,-.30710E404»-.30710E404,-.30720E404,-.3D720E404,-.30720E404,-.3D720E404,-.30720E404» 
-!30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404,-.30720E404»-.30720E404,-.30720E404» 


■98T 


..-•50740E40<h-.307«OE*0<%, 

-.307<»OE40^»-.307^0E40«», 

-.30770E*0^,-.30770E*0<ii 


.30740E404,-.307<iOE*04,-.307^0E404, 
• 307<»OE*0 ^i,-.30740E404.-.307AOE40«», 
.S0770E40^»»-.30770E*0<»i-.30770E+0^, 


307A{)E+04,-.307AOE*0^,-.307<i(JE*0^ 

3077QE+04>,-.3077QE40<t,-.3D770E+0^ 

30770E+0^»-.30770E+D'V>-.30770E*0'i; 


^2C i",!, 3) THRU SH2t i*,l£0, 3) 


— tL-.?l.W0E+O6,-,313i,qE*{)6,. 
-.313«»OE+06,-.31340E+06,- 
-.27670E406,-.27670E*06,- 
-.25200E*06,-,25200E+06,- 
-.25200E+06j-.2S200£+06a- 
-.236SOE406,-.23650E406,- 
“.22470E406,~.22^i70E406,- 
-.22<i70E406,-.22<»70E4.06,- 
— -r.lS8<»aE4O6,r,l06AOE4O6,- 
-.15250E+06,-.15250E+06»- 
-.15250E+06»-.15250E406»- 
-.1I720E406,-.11720E+06,- 


,3J3<jPE+0&,; 

.31340E406,- 

.27670E406,- 

.2S200E406»> 

.25200E406,- 

.23650E«06,- 

.22<)70E406>- 

.22470E4O6,- 

.168CiOE406t- 

.15250£406»- 

.15250E406»« 

.11720E4-06*- 


3i3<t0E406,- 

-.313<iOE+06,- 

•27670E406.- 

.25200E406,- 

.25200E406«- 

.23&SOE406*- 

.22470E406,- 

.22<i70E406,- 

.18e<40E406,~ 

.15250E406>- 

.15250E406.- 

.1I720E406>« 


.313<tOE406>~ 

.313'»0E406t- 

.27670E+06f- 

.25200E406>~ 

.25200E-fO6,- 

.23650E406.- 

.22470E+O6.- 

.22<i70E+06.- 

.id8<iO£40&,- 

.15250E4Q&»_ 

•15250E406,- 

11720E406,- 


.313<(0E4C6, 

.27670E406, 

.27670E4O6, 

.25200E406. 

.23650E406* 

.23650E406» 

.22<470S4Q6> 

.18B40E406.- 

.16B40E40&>- 

.15250E406,- 

.U720E40&,. 

.11720E406.- 


■.313‘iOE406,-.313<»OE+D6j 

■.27670E406.-.27670E406, 

.27670E406i-.27670E406, 

.25200E+06,--25200E406, 

.23650E406»-.23650E406, 

.23650E406f.23&50E405> 

.224>70E406»-.22'*70E406. 

.iaS<i0E406»-.18S^0E406» 

.iaS<>OE406,-.18S^OE406, 

.15250E406,-.1B250E406» 

.11720E406,-.11720E+06, 

.11720E406,-.1172DE4tf6, 


SH2( 2,1, 31 THRU SH2( 2,120, 31 


I 


-.25940E406,- 

-.25'3<>0E406,- 

-.22770E+06,- 

-_t206ft0E406,- 

•.206<rOE406i- 

-,19300E+06,- 

‘.18280E406,' 

::iiS£aSi+o^- 

>.151<^OE406,> 

-.I2070E406,- 

-.12070E406,- 

r^50?9pE.tp5j- 


.25940E406,-> 

.25940E406,- 

.22770E406,- 

.20640E406,- 

.20640E406.- 

.19300E406,- 

.18260E406,- 

,18280£406,- 

.15V46e406,- 

.1207OE406,- 

12070E406,- 

:90990E+05i_- 


.259«jOE+06,- 

.25940E406,- 

•22770E406,- 

.._20640E406,> 

.2Q6<^OE406,- 

.19300E406,> 

.16280E406,- 

.ieZ80E406|* 

.15I40E406,- 

.12O70E406,* 

.12070E+06i« 

.9,P99_0£405,- 


■•25940E4fl6,- 
'.259<^OE406,- 
.22770E406,* 
. 206^02406, ■ 
.^0640E4D6,• 
.19300E406,* 
.18280E406,- 
.16260E406,- 
.i5140E406,- 
.12070E406,- 
.12070E406,- 
.90990E405,- 


.25WOE406,- 

.259i!40E406,> 

.22770E406,- 

.20&40E406,- 

.20640E406,> 

.19300E40&,- 

.182QOE406.~ 

.182d0E406,» 

.151<%0E406.o 

•12070E406,- 

.12070E406,~ 

.90990E405,- 


.259^0E406,- 

-2277OE406,- 

.22770E406,- 

.20640E406,> 

.19300E406,- 

.19300E406,- 

.18260E406,- 

.15190E406,- 

1514OE406,- 

12070E406.> 

90990E405,- 

9099QE4Q5,- 


.25990E406,- 

.22770E406,- 

.22770£406i> 

.20690E406,-> 

.19300E406,- 

.19300E406,> 

.18280E406,- 

.15190E406,- 

.15190E406,- 

.12070E4D8,- 

90990E405,- 

90990E405,- 


.259<iOE40£, 

.22770E406, 

.22770E4D6, 

.20690E406, 

.19300E406, 

.19300E406, 

.16280E406;> 

.15190E406,- 

.15190E406,- 

.12070E406,> 

.9099OE4O5,- 

.90990c405,“ 


SH2{ 3.1, 3J THRU SH2t 3,120, 31 


'.36100E40<»,- 

'.36100E4Q9f 

^36090E404,- 

-.36C8OE404,* 

-.36050E404,« 

.36060E40C|,- 

.36070E404,- 

T360'70|404,- 

.35920E409,- 

.3S640E404,- 

.35640E4O4,- 

.35270EVo4,- 


.3&10QE404,- 

.36I0OE404,- 

.36090E404,- 

.36080E404,- 

.36000E404i> 

.360Q0E404,. 

.36070E404,. 

.36070E404,- 

.35920E404,- 

.35690E404,- 

.35640E404.- 

.'35270E404,- 


'.36100E4)4,> 

.36100E404.- 

.3&090E404,- 

.36080E404,> 

.36080E404,- 

.36080E404,- 

.36070E404,. 

.36070E404,- 

.35920E404,- 

.35640E4D4,- 

.35640E404,- 

.35270E404,- 


.3&100E404, 

.36100E+04, 

.36090E404, 

.38080E404, 

.3t)08&£4Q4, 

.36080C404, 

.36070E404, 

.36070E404, 

.35920E404, 

.35640E409, 

.35640E404,- 

.35270E404,- 


.36100E404,- 

.36100E404,- 

.36090E404,- 

.3608DE404,- 

.36080£404,-> 

.3608OE4O4,- 

.36070E4tl4,- 

.36070E404*-. 

.3S920E404.-, 

.35640E4O4,-. 

.35640E404,*. 

.35270E404,-. 


.36100E404,- 

.38090E404,- 

.36090E409,- 

.360SOE404,-< 

.36080E404,» 

.36060E404,- 

.36070E4O4,- 

.3S920E*04,-. 

.35920E404,-. 

.35640E4C4,-. 

.35270E404,-. 

35R70E404»>. 


.3£10D£404,> 

.36090E404,> 

.36090E404,- 

.36080E404,- 

.36080E404,- 

.360SOE404,- 

.36070E404,- 

.35920E404,> 

.35920E404,- 

.35840E404,- 

.35270E404,- 

35270E404.- 


.36100E4D4,< 

.38090E404,- 

.3d090c4(]4,- 

.36080E404,- 

.36080E404,- 

.36080E4O4** 

.26070E404,* 

-35920E404,- 

.S5920E404,- 

.3S640E404,- 

.35270E404,- 

.35270E404,- 


SH2( 1,1, 4) THRU SH2I l,12o, 41 


.-•30740E404.-.30740E404, 
i~.30770E404,-.30770E404, 
»-.30770E404»-.30770£404» 


,-.31340E406,-.31340E406, 
-.2767DE406,-.2767QB405, 
-.27670E406.-.27670E406, 
‘.2S200E406 2S200E406 , 
-.23650E406,-.236SOE406. 
- . 23650E406 , - . 23650E406 , 
-.22470E406,-.22470E406, 
-.18840E406,-.iaS40E406, 
-.18840E406,-.18840E406, 
-.15250E406,-.1S250B406> 
-.11720c406.-,ll720E406» 
-,11720E406,-.11720E406, 


-.2S940E406,-.25940E406, 
••22770E406,-,22770E406, 
-.22770E406,-.22770E406, 
•.20640E406,-.20640E406, 
•.19300E406,-.19300E406, 
•.19300E406,-.19300E406, 
•.182a0E406,-.ia280E406, 
.I5140E406,-,1S140E406, 
.15140£406,-.15140E406, 
.12070E406,-.12070E406, 
.90990E405,-.90990E405, 
. 90990E405,- . 90990E405, 


.36100E404,-.36100E404, 
.36090E404.-.36090E404, 
.36090E404,-.36090E404, 
.36080E404,-.36080E404, 
.36080E404»'>.36080E404, 
.36060E4C4,-.36080E404« 
.36070E+04,-.36070E404, 
.35920E404,-.35920E404, 
.35920E404,-.35920E404, 
35640E404,-.35640E404, 
3B270E404,-,35270E404» 
55270E*04, - . 35270E40<», 


0.137aOE466,0.137aOE406,0.13780E*06,0.13780£406, 


0.137aOE406,0.137aOE406,0.137aOE406,0,13780E406,0.13780E406,0.137SOE406, 
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0.137aOEt06,0 

0.n940E«06,0 

0.10700E406.0 

0.10700E«06tO. 

0.99210E*OSjO. 

0,93290E+05,0. 

0.932905+05,0. 

0.75200£+05,0. 

.0.57S9OE*Q5,0. 

0.575^i0E+Q5,0. 

0.40Q90E+05,0. 


.13780E*06,0. 

.119^0E+06,0. 

.10700E+06.0. 

.107COE+06,0. 

.99210E*05,0. 

.93290E+0S,0. 

.93290E*05,0. 

.75200Ef05,0. 

.5759pE+p5,p, 

575^f0E+05,0. 

<i0a*0E405,O. 


13780E+Q6,0 

il940E+06,0 

107005+06,0 

107005+06,0 

99210E+05,0 

93290E+0S.0 

93290E«05,0 

7520DE405,0 

575<#OE*05,0 

575405+05,0. 

40640E405,0. 


.137805*06,0 
• 119<»OE+06,0 
.10“dOE+O6,O 
.1070DE+06,0 
.99210E+05,0 
.932905*05,0 
.93290E*05,0 
.75200E+0S.O 
.57540g+05,0 
S7S40E*05,0 
40840E*05,0. 


.137605*06,0 

.11940E*06,0 

.10700E*06,0 

.107005+06,0 

.992105+05,0. 

.932905*05,0. 

.93290E*05,0. 

.752005*05,0. 

S7540E+05,0. 

57540E*05,0. 

408405*05,0. 


.119405*06,0 

.119405*06,0 

.107005*06,0 

.992X05+05,0 

.99210E+95,0 

.932905*05,0 

.752005+05,0 

.752005*05,0 

575405*05,0 

40B405+05.0 

40d40E*05,0. 


.119405*06,0 

.119405*06,0 

.107005*06,0 

.992105+05,0 

99210E*05,0 

932905*05,0 

75200E*Q5,0 

752005*05,0 

575405*05,0 

408405*05,0. 

408405*05,0. 


11940E+06.0 

.119405*06,0 

.107005*06,0 

.992105*05,0 

992105*05,0 

93290E+05,0. 

752D0E*05,0. 

752005*05,0. 

575405*05,0. 

408405*05,0. 

408405*05,0. 


.119405*06,0 

.119405*06,0 

.107005*06,0 

.992105*05.0 

.992105*05,0. 

.932905*05,0. 

.75200E*05,0. 

.75200E*05iO. 

.57540E*05,0. 

40840E*05,0. 

408405*05,0. 


.1194DE+06, 

.119405*06, 

.10790E*06, 

.992105*05, 

.992105+05, 

.932905*05, 

.752005*05, 

.752005*05, 

.575405*05, 

40S40E405, 

40840E+05, 


SH2( 2,1, 4J THRU SH2( 2,120,’4T 


_.0. 209605*04,0 
0.203605*04,0 
0.507705*03,0 
0.222505*04,0 
..9.222505*04,0 
0.330405*04,0. 
0.4I2SQE*04,0. 
0.41280E+04»0. 
J0..66550E*04,0. 
0.90i70E+04,bI 
0.90I70E*04,0. 
0.10640c*05,Q. 


203605*04.0 

.203605*04,0 

.507705+03,0 

.222505*04,0 

.22250E*04»0 

.330405*04,6. 

.4X280E+04.0. 

.412805*04,0. 

.66550E+P4j^, 

96i7'6E*6”4,0. 

90170E+04,0. 

10840E*05»0. 


.203605*04,0 

.20360E*04,Q 

.50770E+03.0 

.222505*04,0 

.222505*04,0. 

.33040E+04,0. 

.412605*04,0. 

.412805*04,0. 

.665505*0^,0. 

90l7'0E+64,6. 

901705*04,0. 

10840E*05,0. 


.2D360E+04.0 

.203605*04,0 

.S0770E*03,0 

.222505*04,0. 

.22250E*04,0. 

.33040E*04,0. 

.41280E*04,0. 

.412805*04,0. 

,.66550E+O4j0. 

90170E+04,0. 

901705*04,0. 

10B40E*05,0. 


.203605*04,0 
.203605*04,0 
.507705+03,0 
.22250E*04,0 
.222505+0. ,0 
.33040E*04,0 
.412805*04,0 
.41280E+04,0 
66550E*04,0 
90170E*04,0 
901705*04,0. 
108405*05,0. 


.203605*04,0 

.50770E*03,0 

.50770E+03,0 

.22250E*04,0. 

.33040E*04,0. 

.33Q4QE*D4,0. 

.412805*04,0. 

.665505*04,0 . 

.665505*04,0. 

.90170E*04,0. 

.108405*05,0. 

.10640E*05,0. 


.203605*04,0 

.507705+03,0 

.50770E*03,0 

.222505*04,0 

.330405*04,0 

.33040E*04,0. 

.41280E*04,0. 

>66550E*04,0. 

.66550E*04,0. 

90170E*04,0. 

106405*05,0. 

10B40E*05,0 


.203605*04,0 

.507705+03,0 

.507705+03,0 

.222505*04,0. 

.330405*04,0. 

.330405*04,0. 

.412605*04,0. 

.665505+04,0. 

.665505*04,0. 

901705+04,0. 

108405*05,0. 

108405*05,0. 


.203605*04,0 

.507705+03,0 

.507705+03,0 

.222505*04,0 

.330405*04,0. 

.330405*04,0. 

.412805*04,0. 

.665505*04,0. 

. 665505*04,0. 

.901705+04,0. 

106405*05,0. 

10640E*05,0. 


. 203605*04] 
.50770E+03, 
.507705*03, 
.222505*04] 
.330405*04, 
.330405*04, 
.412605*04, 
.665505*04, 
.665505*04, 
.901705*04, 
108405*05, 
106405*05, 


SH2t 3,1, 41 THRU SH2C 3.120, 41 


0.52660E*05,b 

0.526605*05,0 

0.528405*05,0 

_O.S26105*05,0 

0.526lbE*05',0 

0.526005*05,0 

0.527905*05,0 

0.5279 0E+QS.O 

0.52720E+05»5 

0.525605*05,0 

0.525605+05,0 

0.522505*05,0. 


52660E*O5,b 

.52660E+Q5.0 

.52640E+05.0 

.528105*05,0 

.526105*05,0 

.526005*05,0 

.527905*05,0 

.527905*05,0 

.527205*05,0 

.525605*05,0. 

525605*05,0. 

52250E+05.0. 


.52660E*05,0 

.526605*05,0 

.52640E*05,0 

.526105*05,0 

.52B10E*05,b 

.528005*05.0 

.527905*05,0 

.527905*05,0 

.527205+05,0 

.525605*05,0. 

.525605*05,0. 

^522505*05,0. 


.528605*05,0 

.52860E*05,0 

.526405*05,0 

.52810£*05]0 

.528X05*05.0 

.526005*05,0 

.52790E*05,0. 

.S2790E*05,0. 

.527205+05,0, 

525605*05,0. 

525605*05,0. 

522505*05,0. 


.526605*05,0 

.528605*05,0 

.526405*05,0 

.52S1QE*05,0 

.528105*05,0 

.528Q0E*05,D 

.527905+05,0. 

.527905*05,0. 

.52720E*05,0. 

.525605*05,0. 

525605*05,0. 

522505*05,0. 


.526605+05,0 

.528405*05,0 

.528405*05,0 

.528105*05,0 

.52BQOE*05,0. 

.52600E*05,0. 

.527905+05,0. 

.S2720E+05,0. 

.527205+05,0. 

525605*05,0. 

522505*05,0. 

522505*05,0. 


.528&OE+05, 0 

.526405*05,0 

.528405*05,0 

.526105*05,0 

.528005*05,8 

.528005+05,0 

.527905+05,0 

.527205*05,0 

.527205*05,0 

.525606*05,0, 

522505*05,0. 

52250E*05,0. 


.52660E*05,0 

.526405*05,0 

.528405*05,0 

.526105*05,0 

.526005*85,0 

.528005*05,0 

.527905*05,0 

.527205*05,0. 

.527205*05,0, 

525605*05,0. 

522505*05,0. 

522505*05,0. 


.526605*05,0 

.526405*05,0 

.528405*05,0 

.526105*05,0 

.526005*05,0 

.528005*05,0 

.527905*05,0 

.527205*05,0 

.527205*05,0, 

52560E*05,0. 

522505*05,0. 

52250E*05,0. 


.526605*85, 

.526405*05, 

.528405*05, 

.528105*05, 

.528005*05, 

.526005*05. 

.527905*05, 

.527205*05, 

527205*05, 

525605*05, 

522505*05, 

522505*05, 



■*jr- 


SH2( 1,1, 5) THRU SH2( 1,120, 5) 


-.497105+06, -.497105*06, 
-.497105*06, -.497105*06, 
417405*06, -.417405*06, 
363705*06, -:3637bE*06i 
-.363705*06, -.363705*06, 
330105*06, -.33010E405,' 
_^30450E*06,-.304SOE*06,' 
-.304505*06,-^304505*06,; 
-. 226305+06, -.226305*06, • 
-.15060E*06,-.15060E♦06,• 


.497105+06, -.497105*06, 
.497105*06, -.49710E+06, 
.417405+06, -.41740E+06, 
.36370E*06,-.36370E+06, 

. 363705*06, -.3S370E+06, 
330105*06 . 330105+06 
304505*06, -. 304SOE*06»• 
30450E+06»-.30450E♦06,■ 
226305*06, -.226305*06,. 
15060E+06 . 1S060E+06 


.497105*06, 
.49710E+06, 
.417405*06, 
.363705+06, 
.363705*06,' 
. 330105*06, • 
30450E*06,• 
304505*06,- 
226305*06,. 
150605*06,. 


.497105*06, 
.417405*06, 
.41740E+Q6, 
.363705*06, 
■330105*06, 
.33010E+06,' 
' 304505*06 »• 
^2630E+06,- 
226305*06,- 
150605*06,- 


-.497X05*06, 
-.417405*06, 
-.417405*06, 
-.363705+06, 
330105*06, • 
-.33010E*06,• 
-.304505*06,' 
.226305*06,- 
.226305*06,- 
.150605*06 ,* 


.497105*06,- 
.417405*06,- 
.417405*06,- 
.363705*06,- 
'330105*06,- 
'330105*06,- 
304505*06,- 
226305*06,- 
226305*06,- 
150605*06,- 


.497105*06, 

.417405*06, 

.417405*06, 

.363705*06,' 

.330105*06,' 

'330105*06,' 

'304505*06,. 

226305*06,. 

226305*06,- 

150605*06,- 


.497105*06, 

.417405*06, 

.417405*06, 

.363705*06, 

.330105*06, 

.330105*06, 

'304505*06, 

'226305*06, 

226305*06, 

150605*06, 


-.15060E+06 

-.80690E+OS 


»-.15060E*06,-.15060E406.-.15060E+06,-.15060E+06,-.80690E+05,-.atl690E405 

.-.80690E405»-.80690E405,-.80690E+05,-.a0690E405,-.806O0E+05,-.a0£»g0E+0S 


.-.80690E405.-.80690E405,-.60690E405, 

t~.e0690E405,-.ao690E405i-.e0690E+05. 


SH2( 5,1, SITHRU SH2C 2,120, 5) 


-.17le0E+O^^,-.17le0E+0<^,-.17180E40<i,-.17180E♦0<i,- 
,—.Zjl7l60Etp4,_-,17180E+0<»,,-a7160E409,-.17180B40^,- 
-.2U50E405,-.2USOS405,-.21150E405,-.21150E*05,- 
-.3-^260E405,-.34260E4 05»-.3Ci260E405,-.39260E+05,- 
-.39260E*05»*.39260E405,-.39260E40S,-.34260S+05,- 
. . -♦<>£510E405,-.<i2510E405,-.<»2510E405,-.<i2510E*OSj- 
-.98S2OE4O5,-.«i682O£*O5,-.9082OE4O5,-.A382OE4O5,- 
-.A8620E + 05,-.<iCS 20E405,-.43320E4 05,-.A8820E+05,- 
~.66220E+05,-.68220E405,-.682tOE40S,-.68220E+05,- 

r..86A20E405,-.8$420E+05,-.a6<i20E40S,-.88420E405,- 

-.86420E405,-.86420E*05,-.86420E405,-.€5420E»05,- 

“.10090E406,-.a0090E+06»-.10090E406,-.10090E406,- 


.17180E404,-.17iaOE+04,-.17160E404,-.17180Ef04,-.l718QE+04,-.17iaOE404, 
.171S0E404,-.2H50E4Q5,-.211S0E4 05,-.2115CE+O5,-.21150E4ti5,-.211SOE405, 
.21150E405,-.2n50E*QS,-.2ll50E+05,-.E1150E+OS,-.211EOE+05,-.2ilSOE405» 
.34260E+05,-.34260E40S,-.34260E+05,-.34£60E+05,-.34260E+05,-.34260E+05, 
.34260E+05,“,42S10E+05,-.4£510E+05,-.42510E+05»-.4£510E+05,-.4£510E405» 
.42510E+05,-.42510E405,~.42510E405,-.42S10E+05,-.42510E+05,-.42510E405, 
.4a020E+05,~.48S20E405,-.4SS£OE405,~,48820E405»-.4aS20E+05,-.<i8S20E405, 
,4C820E40S,-.68220E+05,-.66220E+05,-.68220E405,-.6e220E405,-.68220E405, 
.6e220E+05,-.6S220E405,-.68220E+05,-.68£20E40S,-.68220E+05,-.68220E405, 
.86420E+05,-.8d420E+05,-.86420E405,-.86420E+05,-.86420E+05,-.864£OE405, 
.86420E40S,“.10090E+06,-.10090E+06,-.10090E406,-.10090E+C6.-.10090E*06, 
.10090E+08,“.10090E406,-.10090E*06,-.10090E406,-.10090E+06,-.10090E4Q6» 


SH2( 3,ir S) THRU SH2t 3,120,'5) 


00 

03 

I 


,_p.96350E40S,0 
0.9d350E405,0 
0.9B2S3E405,0 
0.98210E405,0 
, 0.93210E405.0 
0.98170E405 ,o’ 
0.9S140E405,0 
0.96140E405,0 
J-_?..7^0E40S»0 
0.9704’6E4b5i0 
0.97040E405,0 
0,95700E405,0 


,98350E+05jO 

9B350E4b5,0 

9S280Et05.0 

96210E405.0 

9S210E405,0 

98170E+05,0 

93140E+05,0 

98140E+05,0 

978pCE405,0 

9704bE405,6 

97040E+05.0 

95700E405,0 


.983BOE+05,0 

.98350E405.0. 

.98280E405.0. 

.9021OE+O5,O, 

.93210E405,0, 

.98170E+05,b. 

,93140E405,0. 

.98140E405.0. 

.^97800B+05,0. 

.97b40E+05,0. 

.97040E405,0. 

,95700E405,0. 


98350E+OS,0, 

98350E+05,0, 

9S280E+05,0. 

9S210E+05,0. 

9S210E+05,0. 

98i70E405,0. 

98140E405,0. 

9S140E405.0. 

97S0OE+O5.O. 

97040E+05,0. 

97040E40S.O. 

95700E40B.O. 


98350E405,0 

98350E4-0B.O 

98280E4-05.0 

9e210E405,0. 

98210E405,0. 

98170E405,0. 

9S140E+05,0. 

98140E405,0. 

97800E+05,0. 

97040E+OS.O. 

97040E+05,0. 

9570QE40B,0. 


983BOE40S,0. 

98280E+0B,0. 

98280E+05.0, 

98210E405,0. 

98170E4.Q5,0. 

98170E405,0, 

98140E405,0. 

97800E40S.O. 

97800E405.0. 

97040E405.0. 

9B700E+05,0. 

9B700E405,0. 


98350E405,0. 

982S0E405,0. 

93260E405,0. 

9821CE405,0. 

9S170E+05,0. 

98170E405,0. 

93140E405,0. 

97800E4G5,0. 

97SOOE+05.0. 

97040E+05,0. 

95700E403,Q. 

95700E405,0. 


983508405,0 
982S0E405,0 
96280E405,D 
98210E405,0 
98170E405,0 
98170E ^ 3,0 
93140E4J5,0 
97800E405,0 
97300E405.0 
97040E405,0 
957DOE405.0 
957D0E4DS,0, 


.9a35DE405,0 

.932808405,0 

.93280E405,0 

.93210E405,Q 

.93170E405,0 

.981705405,0 

.931408405,0 

.97300E405,0 

.97300E405,0 

.970405405,0 

.957005405,0 

.957005+05,0 


.93350E405, 

.98260E405, 

.98280E405, 

.98210E405, 

.98170E405, 

.98170E405, 

.98140E405, 

.97SOOE+05, 

.97800E405, 

.970h0E405, 

.95700E+Q5, 

.9570QE+05, 


00 

I 


GEOMETRY OF BUDE 

— 

V t ^ .. . 


X I 
■ U.OOOQ 
XU 


X 2 X 3 

-Utipofl, J..gA.2.pP.O, 

X12 X13 


^ ^ X7 XS X9 XIO 

».«». 16,, 000 

X14 X15 X ' 


17.^sg,p„ J.9^5QP_ „._12,2590_ ...20^2500 _ £l..QOO,0„ „ 



y T V _ — - . 


X 1 
jjL ._ ppqo _ 

XII 


_10,000P „ _ lj.,000 .1,^. 1,.6„00 , 15.0000 

Xi2 X13 X14 X15 X 


X 9 

15.6000 


XIO 

16.4000 


-AZ^.05 laJSPq i2.g55P_ gj^oooo 




XI X 2 V X o y. .. ^ - . • - . — 




X12 X13 

XC.25pp_ ._19.2500 



X6 X 7 

14,0000 . 14.6000 
X 


X 8 

15.2000 


X 9 

15.8000 


XIO 

16.4000 


20.2500 


XI X 2 Y ^ V y. ^ 


X I 

_ i^oqop 

Xll 


X 2 
_ 1 1.^0 00 
X12 


X 3 
. 12.2000 
X13 


X 4 
12.8000 
X14 


X 5 
13.4000 
X15 


X 6 
.14.0000 
X 


X 7 

14.6000 


X a 

15.2000 


X 9 

15.SOOO 


XIQ 

16.4008 


-iZ;25qq_ 16.2500 3^,-.25p0 20.2500 21.0000 


—-~—-ZT-—r 

^1 X2 X vy. 


X I 
11.0000 
Xll 


X 2 

_^ u ^ o_oo 

X12 


X 3 
^ 2 ^ 200_0 
X13 


X 4 
12.6000 
XI4 


X 5 
13.4000 
X15 


X 6 
14.0000 
X 


X 7 

14.6000 


X 6 

15.2000 


X 9 

15.8000 


XIO 

16.4000 




VO 

0 

1 


lfl*2,50p ^l?..2S0q 20,2500 21.0000 

:z~-Tr~r:r ——~-~- — — ~ 


^ ^ X3 X e* X 5 

UtAPO-P..- — 1-2^200.0 12, 80gp 13,5000 

Xll X12 X13 X15 

25,0,0 13^£50_C! 1.2j 2500_ ,.2o,.2S.oo 21. 0000 


X 6 X 7 

H,0000 14.6000 

X 


X ® X 9 XZO 

,15.2,000 . ,15.6000 16,.4DOO 


XI X2 X3 ... 


X6 X7 X8 X9 

- -UJ.001 _U,6iOO„ _.J8,,S0OS ,18.8000 13,0000 _18,0000 .. 1,.6000. 15.8000 15.8000 

X12 X13 XW X15 X 


XIO 

16.4000 


17^2500 


A8-.85.00 19 .,.2500. 2p„».2500,., 21,0000 




XI X2 X3 X4 X5 

-lli2£P.P .1.^20.00 1.2,8000 ._13.,..4000... 

X13 X14 X15 

-i7..2S0_0_ _18,25.00_. JL9,..2SO0 _ .gP., 250.0. 21.0000 


X 6 

.14.0000 

X 


X 7 

14.6000 


X B 

15.2000 


X 9 

15.8000 


XIO 

16.4000 


initial blade camber geometry 

AT IMPACT STATION 


NODE 

1 

2 

X 


4 

5 

6 

7 

8 
9 

'■ 10 
11 
12 
13 
"14 
15 


IN-PLANE COORDINATE 
1.00000 
1.47300 
1.9A600 
2.41800 
2.89100 
3.36400 
3.83700 
4.31000 
4.78200 
5.25500 
5.92500 
6.71300 
7.50100 
8.28900 
8.66000 


OUT DF PLANE COORDINATE 
1.00000 
1.36700 
1.73900 
2.10800 
2.47800 
2.84700 
3.21600 
3.58600 
3.95500 
4.32500 
4.64600 
5.46300 
6.07900 
6.69500 
7.14100 


MISSILE GEOMETRY 




SECTION 

THICKNESS 

WIDTH 

LENGTH 

OFFSET 



1 

0.625 

2.100 

2.100 

0.825 



£ 

.. 3 

0.600 

3.260 

3.260 

0.2A5 



4 

0.650 

3.750 

..3.75D... 

3.750 

0.0 

0.0 



5 

0.600 

3.260 

3.260 

0.245 



6 

0.625 

2.100 

2.100 

0.825 


MODE FREQ(RAD/SEC) 

1 0.433500E403 

2 0.873390E+03 

3 ._0„a4^500E*04 

^ 0,153310E+0^ 

S 0.22&200E+04 


MODAL DATA 


MODAL MASS 
0.9855fiOE-02 
O.A27630E-02 
..Q..98S900E-02 
0.102230E-01 
0.233«i00E-01 


MODAL STIFFNESS 
0.18S2l2E+0«i 
0.32620ZE-l-0<^ 
0.206A85E+05 
0.2A0281E-f05 
0.119^22E+06 


DAMPING RATIO 

0.350000E-01 

C.3SOO0OE“Ol 

0.35000QE-01 

0.35000QE-01 

0.350000E-OI 


IMPACT IMPACT 

- VILOCIir ANGLE 

0.726000E+04 0.523600E+00 


MISSILE 
.. DENSITY.. 


CHDRDNISE 

IMPACT COORDINATES 
IN-PUNE aur-OF-PLANE 


IMPACT 

RADIUS 


0.988800E-04 


0.4SA600E4-01 


0.377050E+01 


0.300000E«02 



O t 


2 TIME=0.889325E-03 SEC 


..TIME STEPS 


I 

w 

VO 

hJ 

t 


— -Y=0.,270p0.E + 02. . Y=0.28000E+02. 


YS0.29000E+02 


Y=0.30000E+02 Y=0.30750E+02 


X 

P 

X 

P 

X 

0.1100E402 

0.0 

O.lIOOE+02 

0.ai07E-09 

O.X100E402 

0.1160E+02 

0.6337E-16 

0.1160E+02 

0.1909E+00 

0.1160E+02 

0.1220E+02 

O.B<i97E-ll” 

0.1220E402 

0.US7E+02 

0.1220E402 

0.12dOE40S 

0.I376E-07 

0.1230E402 

0.1858E402 

0.1280E402 

0.1390E+02 

0.29WE-06 

0.13^0E+02 

0.8961E+01 

0.1390E402 

0.1400E402 

0.6495E-06 

Q.I<iO0E+O2 

0.2218E40I 

0.1400E402 

0.1460E4O2 

0.3672E-C8 

0.1960E+02’ 

0.3262E400 

D.1460E+02 

0.152DE402 

0.0 

0.1520E+Q2 

0.3017E-01 

0.1520E402 

0.1B30E+02 

0.0 

b~-1580E+02 

"o'.o 

0.1580E402 

0.16<40£402 

0.0 

O.I6<40E+02 

0.0 

0.1640E402 

0.1725E+02 

"oTo ' 

~b.i725E+02 

“o.d’ 

0.1725E+02 

0.1S25E+02 

0.0 

0.1825E40S 

0.0 

0.1625E402 

0.19C5E+O2 

0.0 

b,1925E+02" 

0.0 

0.1925E+02 

0.2025E402 

0.0 

0.2025E40S 

0.0 

0.2025E402 

0.2100E+02 " 

“oTo 

6. 21QOE+Oi' 

0.0 

0.2100E402 


P 

X 

P 

X 

P 

0.4178E403 

0.1100E402 

0.4X78E403 

0.1100E402 

0,4i78E403 

0.2341E404 

0.1160E402 

0.234XE404 

O.XX60E4O2 

0.234IE4Q4 

0.1263E404 

0.1220E402 

0.X263E404 

0.1220E402 

O.X263E404 

O.S739E403 

0.1280E402 

0.S739E403 

O.X260E402 

0.5739E403 

0.2465E403 

0.1340E402 

0.2465E403 

0.1340E402 

0.2465E403 

0.Z036E403 

0.1400E402 

0.X036E4O3 

0.1400E402 

0.1038E403 

0.43I9E402 

0.1460E402 

0.43X9E402 

0.X46OE402 

0.43X9E402 

0.1799E402 

0.1520E402 

0.1794E402 

0.X520E4O2 

O.1794E402 

0.0 

0.1560E402 

b.o 

0.1580E402 

0.0 

0.0 

0.1640E402 

0.0 

0.X690E402 

0.0 

0.0 

0.1725E402 

0.0 

0.1725E402 

0.0 

0.0 

0.1825E402 

0.0 

0.X825E4Q2 

0.0 

0.0 

0.1925E402 

0.0 

0.1925E4Q2 

0.0 1 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.0 

0.2100E402 

0.0 

b.2100E402 

0.0 


•* 


YS0.33750E+02 


y=P,.31750E+q2 Y=p.327SOH->02 


X 

P 

X 

P 

X 

P 

D.1100E402 

b,S323E-0S 

O.lioOE+02 

0.929SE-26 ‘ 

0.1100E402 

0.0 

0.1160E402 

0.3275E+02 

0.1160E402 

0.2893E-12 

0.1160E402 

0.0 

0.1220E-»02 

0.2198E403 

6.1220E402 

”0.127QE-06' 

0.1220E402 

b.3203E-28 

0.1260E-f02 

0.16‘V7E403 

0.I2a0E+02 

0.2229E-0^ 

0.1260E402 

D.1637E-21 

0.1340e-f02 

D.S379E*02 

0.1340E402 

0.1232E-b3 

0.1390E402 

0.8665E-ia' 

Q.1400E-t-02 

0.1253E402 

Q.1900E402 

0.1183E-03 

0.1400E4Q2 

0.0 

0.1460E408 

0.1697E+01 

0.1A60E402 

0.392SE-04 

0.1460E402 

0.0 

0.1520E+02 

O.X494E400 

0.1S20E402 

0.0 

0.1520E402 

0.0 

0.1530E+02 

“Ko 

b'.15S0E402 

o.d 

0.1580E402 

0.0 

0.16<^0E«02 

0.0 

0.1640E402 

0.0 

0.1640E402 

0.0 

0*1725Ef02 

b.d 

0.1725E402 

TTo 

0.1725E402 

0.0 

0.1626E402 

0.0 

0.1625E402 

0.0 

0.1825E4Q2 

0.0 

0,1925E+02’" 

"oTb 

'‘b.l92SE462 ■ 

b.o 

0.1925E402 

0.0 ' 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2Q25E402 

0.0 

0.2IOOE402 

0.0 

0.2ldOE40S ' 

0.0 

0.2ZOOE402 

0.0 


194 ’ 


3 TIME=0.293143E-03 SEC 


, JIHE . STEP= 


X=0..-..27P.P0E402. 

. .. Y=0.28000E4Q2 


Y=0.29000E402 


Y=0.30000E402 

X P 

X P 

X 

P 

X 

P 


0.110QE402 

0.0 

0.U00E402 

0.1259E4Q0 

0.1XP0E402 

0r9760E+03 "" 

0.1100E4b2 

0a68SE404 

0.1160E402 

0.36^flE-05 

O.iX60E4O2 

0.6397E402 

0.116QE402 

0.2608E40it 

O.U60E402 

0.234XE404 

0.1220E402 

0.1799E-02 

0.1220E402 

0.2621E403 

0.X220E402 

Q.2480E404 

0.X220E402 

0,i606E404 

0.1280E402 

0.3144E-DX 

0.1280E402 

0.3022E403 

0.1260E+02 

0.2027E404 

0.1280E402 

0.9956E403 

0.1340E402 

0.1040E4Q0 

0.13^0E402 

b.2X68E403 

6.1340E4O2 

0.1333E404 

0.1340E402 

0.5891E403 

0.1400E402 

0.X38^E40; 

O.X400E402 

0.1166E403 

0.X40DE402 

0.69S3E403 

O.X400E402 

0.340SE403 

0.14»60E402 

~O.To50E400 

'o'^1460E+02' 

D.5007E402 

0 . 1460E402 

0.2913E463 

0.1460E402 

O.X944E403 

0.1520E402 

0.0 

0.1520E402 

0.175XE402 

0.1520E402 

0.9970E402 

0.1520E402 

0.1X03E403 

0.1580E402 

0,0 

0.X5Q0E4C2 

0.0 

0.1580E402 

b.2825E402 

O.X580E4O2 

b.623bE40F 

0.1690E402 

0.0 

0.1640E402 

0.0 

0.1640E402 

0.0 

0.X640E402 

0.0 

0.172SE+02 


”’b.X725E4'62 

'"o.o"" ™“ 

b.l725E402 ' 

0.0 

0.1725E+02 

0.0 

0.182BE402 

0.0 

Q.X825E402 

0.0 

0.1825E+02 

0.0 

0.1625E402 

0.0 

0.1925E402 

b.o 

0.X925E4O2 

0.0 

0.1925E402 

0.0 

0.X925E402 

0.0 

0.2025E402 

0,0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2025E40'' 

0.0 

o.EidbE+ba ~ 

0.0 

’ 'b"2TboE4or 

'oio'“ 

0.2X00E4O2 

0.0 

0.2100E402 

0.0 


Y=0.30750E+02 

X P 

b.iiboE+02 b.i688E+64 
0 . 1160E+02 0 . 23^1E+0<i 

b.i220E+02 b.i606E+b4 

O.lCeOE+02 0.99S6E+03 
0.1340E+02 0.5891E+03 
0 . 1400E4-02 0 . 3<i05E403 
0.1<i60E402 0.19<iAE403' 

0.1S20E402 0. 1103B403 

0.i580E402 b,6230E402" 

0.1640E402 0.0 

b.l725E402 0,0 

0.1625E402 0.0 

0.192SE402" O.b 
0.2025E<^02 0.0 
b.2100E402’ 0,0 


^ Y-0.32750E+02 Y=0 .33750E+02 


X 

P 

X 

P 

X 

P 

O.nOOE+02 

0.5219E+01 

b'.li6oE402 

0.9295E-26 ' 

0.1100E402 

0.0 

0.1160Ef02 

0,5096E+03 

0.1160E+02 

0.8261E-03 

0.1160E402 

0.0 

0.1220E+02 

O.91SOE+03 

0.12202402 

0.1052E400 

0.1220E402 

0.3203E~2S 

Q.1230E+02 

0.7926E+03 

0.1260E+02 

0.7629E+00 

0.1280E+02 

0.1637E-21 

O.mOE+ 02 ' 

6’,5093E+03 ' 

0.13<^OE+02 

0.W63i+bl 

0.13<i0E402 

0.e&65E~ld 

0.1<fOOE*02 

0.2609E+03 

0.1400E+02 

0.1383E401 

O.1A0OE4O2 

0.0 

0.1<f60E-f02 

O.1063E4O3 

0.1460E402 

C.S365E400 

0.1460E402 

0.0 

0.1520E+02 

0.3710E+02 

0.1520E+02 

0.0 

0.1520E+02 

0.0 

"o.'iseoE+cr’a " 

"b.’d 

6"15QOE+02 ' 

6.0 

0.1586e402^ 

o.b 

0.1640E+02 

0.0 

0.1640E402 

0.0 

0.1640E402 

0.0 

0.1725E+02 

0.0 

0.1725E40'' 

6^ 6 

0.17C5E402 

0.0 

0.1625E+02 

0.0 

0.1S25E402 

0.0 

0.1825E402 

0.0 

d.l925E+b2"" 

0~ 0 

b. 19252402 ' 

0 . 6 

6^1925E402‘ 

0.0 

0.2025E-»02 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2100E402 

0.0 

0.2100E402 


b.2i60E402 

0.0 


time step= 


^ TIME=0.299l6aE“03 SEC 


.. T= 0 . 27000 E +02 

X p 

b.XlOOE+02 0. 0 ~ 

O.XX60E+02 0.369XE-05 

0 . 12 EOE +02 O.X 799 E- 02 ~ 

o.ieaoE*oe o.3199e~ox 
0.1390E402 0.1C90E+00 

0.1i*00E*02 O.X3S<iE+00 
0.XA60E + 62 orXOSOE+bo 
0.1520E+02 0,0 
0.1550E4d2 0.0 
O.164OE+02 0.0 
d.X725E+02' 0,~b 
0.I825E+02 0.0 

b7x9£5E^2 "“d.~0' 
0.2025E+02 0.0 
0.2100E4b2 0.0 


Y= 0 . 2 e 000 E +02 

X p 

O.x'lOOE + 02 0 . 12 S 9 E +00 
0 . 1160 E +02 0 . 6397 E +02 

0 . 1220 E +02 0 . 2621 E +03 

O.X£ 80 E +02 0 . 3206 E +03 
0 .I 34 OE 402 0 . 2393 E +03 

O.UOOE +02 0 .X 327 E +03 
0 . 1960 E 402 O.S 830 Et 02 

O. 152 OE +02 O.X 751 E +02 

b.is8O£+02 “d^o ■ 

O.X690E+02 0.0 
6.i725E+62 'o.O 
0.I825E402 0.0 

b.i925E*b2 ~b.o - 

0 . 2025 E +02 0,0 
b~.2XdOE402 b.o 


T= 0 . 29000 E +02 


X 

P 

0 . 1100 E 402 

0 . 9760 E 403 

O.X 160 E 402 

0 . 2620 E 404 

0 . 1220 E +02 

0 . 2522 E 409 

0 . 1280 E 402 

0 . 2 XX 3 E +09 

0 ,I 390 E 4 Q 2 

0 .X 931 E 404 

0 , X 900 E 402 

0 . 7685 E +03 

O.X<» 60 E 402 

0 . 3309 E 403 

0 - 1 S 20 E 402 

0 . 9970 E 402 

0 ,IS 60 E 402 

0 . 2625 E 402 

O. 1690 E 402 

0.0 

0 -X 725 E 402 

0.0 

0 .X 825 E 402 

0.0 

9 . 1925 E 402 

0.0 

0 . 2025 E 402 

0.0 


0 . 2 X 00 E+O 2 0.0 


Y= 0 . 30000 E +02 

X p 

O.IXOOE +02 O.X 6 CSE +09 
O.X 160 E +02 0 . 2932 E +09 

O.X 220 E +02 0 . 17 X 7 E +04 

O.X 280 E +02 0 . 1079 E +04 
0 . 13 'tOE 402 0 . 6 (* 39 E +03 
0 . 1400 E 402 0 . 3797 E +03 
0 .X 96 QE 402 0 . 2151 E+O 3 
0 . 1520 E 402 0 .XXO 3 E 4 O 3 
0 . 1580 E 402 0 . 6230 E 402 

O.X 6 A 0 E 402 0.0 

0 .X 725 E 402 0.0 

0 .I 825 E 4 C 2 0.0 
O.X 925 E 402 0.0 

0 . 2025 E +02 0.0 
0 . 2 X 00 E 402 0.0 


Y= 0 . 307 SOE 402 


X 

P 

0 .U 00 E 4 Q 2 

0 .X 668 E 409 

Q. 1160 E 402 

0 . 2932 E 404 

O.X 220 E 402 

0 . 1717 E 409 

0 . 12 SOE 402 

0 . 1079 E +09 

O.X 3 ^ 0 E 402 

0 . 6939 E +03 

0 . 1900 E 402 

0 . 3797 E +03 

O.X 960 E 402 

0 . 21 SXE+C 3 

O.X 520 E 402 

0 .X 103 E 403 

0 . 1580 E 402 

0 . 6230 E 402 

O.I 690 E 402 

0.0 

0 . 1725 E 402 

o.b 

0 . 1625 E 402 

0.0 

O.X 925 E 402 

0.0 

0 . 2025 E 402 

0.0 

0 . 2100 E 402 

0.0 


r=0,31750E*02 


Y=0.32750E*02 


X 

P 

X 

P 

o.iaooE+02 

0.B219E+GI 

0.1100Ei02 

0.9295E-26 

5.1160E+02 

0.50O6E+03 

0.1160E-f02 

9.8261E-03 

0.1220E+02 

0.9271E+03 

0.1220E402 

0.1052E+00 

0.1280E+02 

0.8^2^E+03 

0.1260E+02 

0.7730E+00 

0.13^iOE+02 

0.5532E+03"' 

O.Z3^»0E+02 

0.1629E+01 

0,l<[00E+02 

0.2930E+03 

0.1<:»00E+02 

0.1383E+01 

0.1460E+02 

0,12<t6E + 03 

0.1<560E+b2 

0.8365E+00 

0.1520E+02 

0.3710E+02 

0.1S20E+02 

0.0 

0.15e6'E+02 " 

"6.T 

b.l580E+02 ' 

0^0 

0.1640E4-02 

0.0 

0.1640E-f02 

0.0 

0.i725E+02 

o.b 

'0.172SE+b2 " 

0.0 

0.1825E+02 

0.0 

Q.1825Ef02 

0.0 

0.1925E+br’ 

b’Tb 

0.19251+02 " 

b.b 

0.2025E+02 

0.0 

0.2025E+02 

0.0 

0.2IO0E+02 

0.0 

0.2ibbE+02 ~ 

0.6 

... — . 

■*- — 





Y=0.33750E+02 


Y= 


X p 
O.llOOE+02 0.0 
0.1160E+02 0.0 


0.I220E+02 

0.3203E-28 


0.1280E+02 

0.1637E-21 


0.13^BE+02 

0.8665E-18 

- ■ - 

0.1<^OOE+02 

0.0 


0.1460E+02 

0.0 


0.1520E+02 

0.0 


0.1580E+02 

0.0 


0.1640E+02 

0.0 


0.172SE+02 

0.0 

- 0-.0 

0.182SE+02 

0.0 





0.192SE+02 

0.0 


0.202BE+02 

0.0 

c: 

0.2100E+02 

0.0 

..I • 

‘s’ . • 


1 


t 


- - time ..steps 5 TIHE=0 .504719E-03 SEC 


1 

VO 

CO 

I 


... — ..... J.T0.i.27PP0_E4p,2 T=p.2a0Ope+02.„„ 


X 

P 

X 

P 

O.I100E402 

b.ao94E-ii 

0.1100E402 

0.i259E400 

0.116OE4O2 

0.3641E-0S 

0.1160E402 

0.6397E+02 

O.Z220E402’ 

b.a799E-02 

o.iiboE+ba 

0.262li+b3 

0.12806402 

0.3144E-01 

0.1280E4Q2 

0.321BE403 

b. 13406402 

0.1162E400 

0.1340E402" 

0.240BE4O3 

0.1400E402 

0.1653E400 

0.1400E402 

0.X335B403 

0. 14606402 ' 

b.l308E400 

” b".1460i40’2’ 

b.B873E402 

0.1520E402 

O.B361E-01 

0.1520E402 

0.2X03E402 

O.i'SfibEfba 

b.2013E-01 

0.1580E402 

0.B0S6E401 

0.1640E402 

0.0 

0.1640E402 

0.X213E4QX 

~~ b.l725E402 ■ 

. 

~b.l72BE402 ■ 

*"6.0 

0.1825E402 

0.0 

0.182BE402 

0.0 

0.192SE402 

6.0 

6.X92BE402 

0.0 

0.2025E402 

0.0 

0.202BE402 

0.0 

' ~0.2100E4b2 

o7o “* ■" 

’ T'.zihoiloz' 

o!o 


• T=0‘29000E+02 Y=0.30000E+02 


X 

P 

X p 

0.1100E402 

0.9760E403 

6.1xb6E402 6.1688E464 

0.1X60E402 

0.2620E4Q4 

O.X160E402 0.2436E404 

O.X220E402 

0.2B24E+04 

0.i220E402 0.1722E404‘ ' 

0.X280E402 

0.2U7E404 

0.1280E402 0.10S3E404 

O.X340E402 

0.X436E404 

0.1340E462 0.6467E403 

0.1400E402 

0.7721E403 

0.1400E402 0.3764E403 

o7x460E402" 

0.3324E463 

0.X460E402 0.2X62E403 

O.X520E4Q2 

0.X166E403 

0.1520E402 0.1232E403 

0.1580E402 

6.3379E402"' 

0.1580E402 6.6994E4d2’~ 

0.1640E402 

0.6674E401 

0. 1640E402 0.3513E402 

0.I725E402 

o.o" 

O.X725E402 0.0 ’ 

0.X825E402 

0.0 

0.1825E402 0.0 

6.1925E402 

6.0 

0.192BE402 0.0 

0.2025E402 

0.0 

0.2025E402 0.0 

o72100E402 

0.0 “ " 

O.2XO0E4O2 O.C' 


. Y=0.30750E+02 . 

X p 

0 , iioOEl-02 0 . 1688 E+c4 
0.1160E+02 0.2436E+04 

0.122OE+O2 0.1722E+64 

0,1260E+02 O.lOSSEm 
0 . 13^jOE+02 0 ,6^67E+03" 

0.1<f00E+02 0.3764E+03 

0,l«i60E+02 b.2X62E+03 
0.1520E-f02 0.1232E403 

0.1£80E-f02 b.6994E+62~ 
0. le^iOE+OE 0 . 3513E402 
0.1725E+02 O.b ' 
0.1825E+02 0,0 

6.192BE+02 " O.b 

0.2025E402 0.0 
b,2100E+02’ 0,0 


Y=0.35750E*02 


Y=0.31750E+02 _ Y=0 . 32750E+02 


X 

P 

X 

P 

X 

P 

0.110&E+02 

‘ 'o.’5219E + CH ' 

6.1100E402 

0a028E-07 

O.llOOE+02 

0.0 

O.U60E402 

0.5096E+03 

O.U60E402 

0.6261E-03 

0.1160E+02 

0.1967E-14 

0.1220E+02 

0.9277E+03 

0.1220E402 

0a052E + 00 

0.1220E+02 

0.8080E-10 

0.1280E+02 

0.64A9E403 

0.1280E402 

0.77<f2E*00 

0.1280E+02 

0.3556E-07 

' 0.13^0E+02 

0.5607E+03 

0.1390E+02 

0.1639E+01 

0.1340E+02 

0.1065E-05 

0.1400E+02 

0.2947E+03 

0.1900E+02 

0a631E+01 

0.1400E+02 

0.6603E-05 

0.1^60E+02 

"b.l257E+03 

b.l460E+b2 

Oa026E+01 

0.1460E+02 

0.1437E-04 

0.1520E+02 

0.4406E402 

0.1520E402 

0.3679E+00 

0.1520E+02 

0.0 

"oaseoE+oa* 

"b.ibstE+bi " 

FaseoE+oT 

baibEE+oo 

0.1580E+02 

0.0 

o.moE^oe 

0,2507E401 

0a690E402 

0.0 

0.1640E+02 

0.0 

0.1725E^02 

0.0 

0.1725E+02 

0.0 

0.1725E+02 

0.0 

0.1825E+02 

0.0 

0.1825E402 

0.0 

0.1825E+02 

Q.O 

0.1925E+02 

bib ’ 

*'6.19251+02 

b.b 

0.1925E+02 

0.0 

0.2025E-f02 

0.0 

0.2025E+02 

0.0 

0.2025E+02 

0.0 

0.2100E+02 

0.0 

0.2100E+02 

0.0 

0.2100E+02 

0.0 


•OOZ' 


I 







TIME STEPS 6 . TIME=0.51967SE-03 SEC 


I 


\ 


— Y=O..J7000S+02. ..„..Y=0.28000E+02. 


Y-0.29000E+OE Y=0,30000E+02 


Y=0.307SOE+02 . 


X 

P 

X 

P 

X 

O.llOOE+02 

0,809‘iE-U 

O.llOOE+02 

^.1259E+o6 

b.ii6bE402 

0.1160E+02 

0.3641E-OS 

0.1160E-^02 

0.6397E402 

0.1160E402 

0.1220E+02 

(f.l799E-02"~ 

b.i220E+b2 

0.2621E403 

0.1220E402 

O.1280E+O2 

0.3194E-01 

0.1280E402 

0.3215E403 

0.1280E402 

0.1340E+02 

b.ll62E+00 ’ 

0.1340E^02 

0.2621E403 

0.1340E402 

0.1400E+02 

0.1653E+00 

O.lAOOE+02 

0.3385E403 

0.1400E402 

0.1A60E+02 

b.TsosE+bo 

b.l960E+02" 

0.25"9<»i+o'3 

O.i4'60E4b2 " 

0.1520E+02 

0.2171E+00 

0.1B20E+02 

0.1^78E403 

0.1520E402 

0.1560E+02 

b,17S3E+00 

”'b7iB60Et02 

b.6696E402 

0.15a0E4b2 

0.1640E+02 

0.9<i95E-0l 

0.1640E+02 

0.2479E402 

O.Z640E402 

0.1725E+02” 

‘oTo 

~b.i725E+02 ' 

6.4395E40X 

0.1725^02 ' 

0.1825E+02 

0.0 

0.182SE4Q2 

0.0 

0.1825E402 

0,1925E<-02 

0.0 

6.192BE+02 ’ 

"o.o 

0.1925E402 

0.2O2SE+02 

0.0 

0.2Q2BE402 

0.0 

0.2025E402 

0.2100E+02" 

oTo ^ 

"o^2100E+oF 

o\o 

o72100E402 


P 

X 

P 

X 

P 

0.9760E403 

0.1100E402 

o!i66SE404 

o.iiboE4b2 

b.l688E46T 

0.2620E404 

0.1160E4Q2 

0.2436E404 

0.U60E4O2 

0.2436E404 

0.2524E404 

0.1220E402 

0.1722E404 

b.l 22 ok -)-02 

b.i722E4bo 

0.2644E404 

0.I280E402 

0.2485E404 

0.128QE402 

0.2485E404 

0.2S57E404 

0.1340E4O2 

0.i785E404 

0.1340E402' 

0.176BE404 

0.2173E+04 

0.14Q0E4O2 

0.113SE404 

0.1400E402 

0.1136E404 

0.1505E404 

0.1460E402 

0.6884E403 

0.1460E402 

0.6884E403 

0.6313E403 

0.1520E402 

0.4054E403 

0.1B20E402 

0.4054E403 

0.3692E403 

0.1B80E402 

6.2354E403 

0.1B80E402 

0.2354E403'’ 

0.1340E403 

0.I640E402 

0.13B7E4D3 

0.1640E402 

0.1357E403 

0.2318E402 

0.1725B402 

0.6171E4b2“‘ 

"o.172SE402 

0.^7iE402 

0.0 

0.a625E402 

0.0 

0.132BE402 

0.0 

0.0 

0.1925E402 

0.0 

0.I925E402" 

o.b' " ■ 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.0 

0.2100E+02 

0.0 

0.2100E402 

0.0 



Y=p.32750E+02 


Y=0.33750E+02 


Y=0.31750E+02 


X 

P 

X 

P 

X 

P 

0,1100E+02 

0.5219E+01 

O.llOOE+02 

0.102SE~07 

O.llOOE+02 

0.2379E-22 

0.1160E+02 

0.5096E+03 

0.1160E+02 

O.0261E-O3 

0.1160E+02 

0.1967E--19 

0.1220E+02 

0.9277E+03 

0.1220E+02 

0.10526+00 

0.1220E+02 

0.8060E-10 

0.1280E+02 

0.8499E+03 

0.1280E+02 

O-7742E+00 

0.1260E+02 

0.35S6E-07 

O.lS'iOE+Oa 

0.93856+03 

0.1390E+02 

0.1639E+01 " 

0.1390E+02 

0.1035E-05 

0.1400E+02 

0.8756E+03 

0.1900E+02 

0.1631E+01 

0.1900E+02 

0.6603E-05 

0.1460E4Q2 

0.5945E+03 

" 0.1960E+02 

0.1978E+01 

0.1960E+02 

0.1437E-09 

0.1520E4-02 

0.3208E+03 

0.1520E+02 

0.2013E+01 

0.1520E+02 

0.1553E-09 

0.aS80E+02 ' 

0.19096+03 

0.1580E+02 

b.l298E+0i 

0.1580E+02 

0.3368E-69 

0.16<40E+02 

0.5H1E+02 

0.1690E+02 

0.6090E+00 

0.1690E+02 

0.0 

0.1725E+02 

0.68666+01 

0.1725E+02 

6.1317E+00 ' 

0.172SE+02 

0.0 

0.1625E402 

0.0 

0.1825E+02 

0.0 

0.1625E+02 

0.0 

0.1?25E+D2'~ 

oTo 

0.19251+02 

0.0 

0.1925E+02 

0.0 

0.2025E+02 

0.0 

0.2025E+02 

0.0 

0.202SE+02 

0.0 

0.2100E+02 

0.0 

0.2100E+02 

o.b 

0.2100E+02 

0.0 


•zoz 


7. TIME=0.5^6717E-03 SEC 


TIME ..STEPS. 


I 


XrO:.27.0pOE+q2. __ .,_Y=q.2SOppE-f02„ Y=0.29000E+02 


Y=0.30000E+02 Y=0 .307B0E+02 


X 

P 

X 

P 

X 

P 

X 

P 

X 

P 

O.nOOE + 02 

b.609«jE-XX 

0.110QE402 

0.12S9E+00 

O.X100E402 

'b7976bE+03 " 

0.X10QE402 

0.168SE4b4’' 

b.nooE402 

b.X680E4b4" 

0.I160E4-02 

0.36<+XE-05 

O.X160E+02 

0.6397E+02 

O.XI60E402 

0.2620E+0<^ 

0.XX60E402 

0.2/j36E40/i 

0.XX60E+O2 

0.2436E40<t 

0.1220E+02 

0.1799E-02 

O.X220E402 

0.262XE+03 

O.X220E402 

b.252qE+09 

0.i220E+02 

o’.X722E+bA" 

0.X220E402 

0.X722E+04 

0.12&l}E-f02 

0.3X44E-0X 

O.X280E402 

0.3215E+03 

O.X280E4O2 

0.26<(4E404 

O.X280E402 

0.2599E+04 

O.X280E402 

0.2649E404 

0.13<iQE+02 

b.lX62E-fOO 

0.X340E402 

0.2760E+03 

"6.1390E+O2 

0.2557E4b<i 

0.X3^0E4O2 

0.2X60E4o4 

0.1340E402 

0.2623E40<i 

O.KOO£-f>02 

0.1653E+00 

O.X400E402 

0.^528E+03 

0.X400E402 

0.2370E40^^ 

0.1i(OOE+02 

0.1623E404 

0.X400E402 

0.2<t78E+0^ 

O.X<i60E+02 

“b.i7X7E+bx 

b.X96CE+02 

0.4576E+03 

""oVx<»6'OE+b2” 

o.aobsEm 

0.X46QE4O2 

O.XXB9E40<^ 

0.1980E402 

0.2X3XE4Qc» 

0.1520E+02 

0.9259E+OX 

0.X520E402 

0.3635E403 

0.X520E402 

0.X506E+04 

O.XS20E402 

0.80^7E403 

O.XB20E402 

0.162XE40<j 

0.1560E+02 

0.1753E400 

0.1580E402 

0.2WE+03 

O.X580E402 

0.99SOE403 

0.X580E402' 

'0.549XE403 

oJxseoE402 

6.xb8bE4ob" 

0.16<^OE+02 

0.9^95E-0X 

O.X640E402 

O.X43dE403 

0.16^»0E+O2 

0.578i»E+03 

0.X640E402 

0.3707E403 

O.X6<fOE402 

0.63X3E403 

6.X72SE+02 

b.2389E-0X 

'0.X725E+02 

■"b.«95E40X ' 

b.X725E+02" 

0.2180E4Q3 

O.X72SE+02 

0.2X02E403' ’ 

0.X725E402 

G.238SE4b3 

O.X825E-fOS 

0.0 

0.X825E402 

0.0 

0.1825E+02 

0.0 

0.182SE4O2 

0.0 

0.X62SE4a2 

0.0 

0.X925E+O2 

0.0 

0.1925E+02 

0.0 

0.X925E402 

0.0 

0.1925E402 ■ 

0.0 

O.X92BE402 

0.0 

0.2025E-»02 

0.0 

0.2025E402 

0.0 

0.202SE+02 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.210bE+b2 " 

"oTo 

■■ b” 2 X 60 E+Or 

o^o 

d‘2X0OE+O2 

0.0 

■ 0.2XOOE402 

0.0 

0.2X00E4O2 

0.0 








Y=0. 31750E+02 Y=0. 3275pE+02 


X 

P 

X 

P 

'■ 6.li00'E+02 ■ 

'■6.5219E + 01 

d’.li0OE+O2 

6'a028E-07 

0.1160E402 

O.5096E4O3 

0.U6OE+02 

0.8261E~03 

0.122CE+02 

0.9277E+03 

0.1220E+Q2 

0.1052E400 

0.1280E+02 

0.8449E403 

0.1280E402 

0.7742E400 


6’'’9385E+63~’ 

O.I 34 OE 462 

0.1634E40i ' 

0.1400E+02 

0.9746E+03 

0.1400E402 

0.6915E401 

0.1460E402 

0.6664E403 

0.1460E4Q2 

0.1490E402 

0.1520E402 

0.6486E+03 

0.1520E4Q2 

0.1848E402 

””b.‘l586E+02“' 

’o.'4234E+63 

oassoEioi" 

0.1638E402 


0.16^0E-<-02 0.2<«42E-f03 0.1640E+Q2 0.6040E+00 


1 

M 

0.1725E402 ' 

0.8886E4Q1 

0.1725E402 

0.1317E400 

0 





1 

0.1825E402 

0.0 

0.162SE402 

0.0 


““ d~i925E4b2'" 

0.0 

"■0.1925E402 ^ 

‘o.o 


0.2025E402 

0.0 

0.2025E402 

0.0 


0.2100E402 

0.0 

9.2100E402 

0.0 




Y=0.33750E+02 Y= 


X 

0ill00E402 ' 

0.U60E+02 

'6.i220E+62 *’ 

0.1280E402 

0.1340E402 

0.I400E402 

0.1460E402 

0.X52OE+02 
’" olisaoE + da ’ 
D.1640E402 
0.1725E+02 
0.1825E-I-02 
d^l925E+02’ 
0.2025E402 
' O.'aidOE+OE 


P 

0.2379E-22' 

0.1967E-14 

0 ^ 8080 E-io 

0.3556E-07 

d ^ l 237 i -05 

0.6603E-05 

0.1437E-04 

0.X553E-04 

0 ."3368E-64 

0.3832E-04 

0.6 

0.0 

0,0 

0.0 

o"o 




O ' 

ft 

*Tr 





TIME STEP= fi TIME=0.7132<^5E~03 SEC 


— ..... J.70.S.27! 
X 

' o.no’oE+oc 

O.lUOE+02 
o.iaToE+ba "" 
0.12SOE+02 

6.13'4oe+02 

0.1<iO0Ef02 
’b. U60E+Q2 “■ 
0.15COE+02 
XissoE+ba 

0.1640E402 
(T.i725E+b2““ 1 
0.1825E402 \ 
^.T92BE+or“'l 
0.2025E402 ( 
0 J'2lb0E+02 “ C 


35QE+02 


..-..Y5P.280POE+02. 


Y=0.29000E+02 Y=0.30000E+02 


Y=0.30750E+02 


p 

X 

P 

X 

P 

X 

P 

X 

P 

b.609^E-ii' 

0.1100E402 

0.1259E4-00 

O.llOOE+02 

br9760E+03 " 

o'.ii'ooEfbe 

0.i688E4-b9 

b.iiboE +02 

0.1688E404 

0.36«^1E-05 

0.1160E4-02 

0.6397E402 

0.1160E+02 

0.2620E4Q4 

0.I16QE402 

0.2436E4-09 

0.1160E+02 

0.2436E404 

0.X799E-02 

0.1220E402 

0.2621E+03 

0.1220E+02 

0.252^E+o4 

0.1220E40'2 

0.1722E409 

0.X220E402 

0.X722E4-09 

0.31«»9E-01 

0.1260E402 

0.321SE403 

0.1260E402 

0.264<)E404 

0.1280E402. 

, O.2606E409 

0.1280E402 

0.2699E409 

0.1162E+00 

0.1390E402 

0.2780E4-03 

0.1390E402 

0.2557E+0<* 

0.X390E+02 

0,2X78E4’09 

0.1390E402 

0.2629E404 

0.8995B+00 

0.1900E402 

0.45&6E4-03 

0.1900E402 

0.2378E404 

0.1900E+02 

0.1642E404 

0.1900E402 

0.2989E+04 

0.2798E+01 

0.1<{60E402 

b.<i6<iiiE+03 

o.iVsbE+ba 

0.2013E+64 

0.1960E+02 

C.1X7SE+09 

O.XA60E402 

0.2143E4-04 

O.991SE401 

0.1520E+02 

0.3704E+03 

0.1520E402 

G.I521E-409 

0.1520E402 

0.8171E4-03 

O.X520E402 

0.1637E+04 

0.9596E401 

0.1B80E402 

0.2502E+03 

0.1580E4b2 

0.1009E4-09 " 

0.1580E402 

0.5583E403 

b’.X580E+02 

6.1094E4-04 

0.36O8E4O1 

O.X6<fOE402 

0.1479E+03 

0.1690E402 

0.58B3E4-03 

0.1690E402 

0.3779E4-03 

0.1690E402 

0.6917E+03 

0,2389E~01 

0.I725E4O2 

b.S6S3E+02 ' 

bll725E+02' 

O.2226E4-03 

0.1725E+02 ’ 

'0.21«E+03' 

0.X725E4-02 

0.2937E4(i3 

9.0 

0.182SE402 

0.3616E4-00 

0.1825E402 

O.1667E401 

0.1825E4-02 

0.293XE402 

0.X825E4-02 

0.2931E402 

).b 

0.1925E+02 

0.0“'“ 

0.1925E4-02 

0.0 

0.1925E+02 

0.0 

'6.1925E402 

0.0 

9.0 

0.202SE4-02 

0.0 

0.2O25E4-02 

0.0 

0.2025E+02 

0.0 

0.2025H4-02 

0.0 

».o 

• 6.2100E402' 

o'.o 

0.2IQOE4-02 

0.0 

0.2100E+02 

0.0 

0.2X00E4-02' 

0.0 


205 - 


^=9.-317S0E+pa _Y=p,32750E+p2 Y=0.33750E+02 


X 

P 

X 

P 

X 

P 

O,U00E+02 

0.S2X9E+01 

’ o'.xi6oe+o2' 

0.1028E-07 ' 

o!'ixooe+02 

"0.2379E-22 

0.1160Ei02 

Q.5096E-f03 

0.1160E402 

0.826XE-03 

O.XX60E402 

0.X967E-X4 

0.1220E+02 

0.9277E+03 

0.1220E402 

O.X052E+00 

d.X220E+02 

*0 .*80B0E-Xd 

0.1280E4-02 

0.8<f99E+03 

O.X280E+02 

0.7742E400 

0.X280E402 

0.3556E-07 

0.1340E-1-02 

d.9385E+03 

b .’X3doE+C2 

O.X634iVbi 

b.I340E+02 

d.X237E-05 

O.I400E+02 

0.9819E+03 

0.X400E402 

0.7007E+OX 

0.1400E402 

0.6322E-05 

0.1460E+02 

0.677IE+03 

b.i460E402 

C.1527E+02 

0.X460Ef02 

0.1930E-04 

0.X520E+02 

0.6590E4^03 

0.1520E402 

0.X905E402 

0.X520E402 

0.1553E-04 

0.X5s6e+02 " 

0.43X6E+0" 

bTx58dE+02" 

b“l69SE402' " 

"ollSSClE+dE'' 

0.3368E-04 

O.Xi40E4>02 

0.2496E^03 

0.1640E402 

0.1X95E+02 

0.X640E+02 

0.3632E-04 

0.1725E+02 

0.9<il3E+02 

0.X72SE+02 

0.1317E+00 

0.172BE+02 

6" 1975E-04 ‘ 

O.X625E+02 

0.7209E+00 

0.X825E402 

0.0 

Oa825E>f02 

0.0 

0”.X925E+02 ■ 


"b.X925E+02 " 


b.X925E+02" 

o.o"*' 

0.2025E+02 

0.0 

0.2025E402 

0.0 

0.2025E402 

O.Q 

0.2100E+02 

0.0 

0.2100E402 

0.0 

b.2i0OE4O2 

0.0 


STEP= 9 . TiriE=0.719889E-03 SEC 


X70..-.?70POE«S. Y=p.?300.0EtOE Y=0 .29000E«2 Y=0.30000E+0S 


X 

P 

X 

P 

X 

P 

X 

P 

X 

P 

o.llooE +62 

O.S094E-H 

b.nooE +02 

0.1259E+00 

0.1100E402 

0.9760E+03 

b.libbE+bi 

0.1688E404 

~o.'iiboE 402 

0.1688E404 

0.1160E+02 

0.3641E-05 

0.1160E4D2 

0.6397E+02 

0.1160E402 

0.2620E+04 

0.1160E402 

0.2436E404 

0.1160E402 

0.2436E404 

0.1220E402 

0.1799E-02 

0.1220E402 

0.2621E+03 

0.1220E+02 

b.2524E+04 

0.12202402 

0.1722E404 

0.1220E402 

0.1722E404 

0.1280E402 

0.3144E-01 

0.1280E402 

0.3215E403 

0.1260E+02 

0.2644E404 

0.128QE402 

0.2606E404 

0.12&QE402 

0.2649E404 

b.l3^0E+02 

0.1162E+00 

0.1340E+OE 

0.2760E+03 

’0.1340E+02 

0.2557E+04 

0.1340E402 

0.2178E404 

0.1340B402 

0.2624E4O4 

0.1Ct00E+0£ 

0.8995E400 

0.1400E+02 

0.4566E403 

0.1400E402 

0.2656E404 

0.1400E402 

0.2626E404 

0.1400E402 

0.2626E404 

0.1460E+02 

0.2798E401 

0a460E+02 

"0.4644E+O3 

'"”0^'i46bE+b2’ 

0.26i3E404 

0.1460E402 

0.2051E404 

0.1460E4Q2 

0.2143E404 

0.1520E+OS 

0.4415E+01 

0.1520E40S 

0.4386E+03 

0.1520E+02 

0.2324E404 

0.1520E402 

0.1375E404 

0.1S20E402 

0.1637E404 

b.l580E-t-0a 

0.4596E+01 

0.15d0£+02 

0.3552E403 

O.I580E402 

0.i703E+04 

b.i580E402 

b.8634E403 

o^isaoE402 

0.1094E404 

0.16<^0E-f-02 

0.3608E+01 

0.1640E402 

0.2U0E403 

0.1640E+02 

0.9930E+03 

0.1640E402 

0.5251E403 

0.1640E402 

0.6417E403 

0,1725E+02 

0.3743E+00 

’0.i72SE+02 

"0*6796E+02 

b.l725E+02‘ 

0.3i51E+03 

0.1725E402 ' 

0.2S25E403"' 

0.172SE402 

0. 25252403 

0.I625E4-02 

0.0 

0.1625E402 

0.1072E+02 

0.1825E+02 

0.4857E+02 

0.162BE402 

0.1C47E403 

0.1825E402 

0.1047E403 

0.192SE+02 

o.b 

0.1925E402 

0.0 

0.1925E+02 

0.0 

0.1925E402 

0.0 

0.1925E4C2 

0.0 

0*2025E402 

0.0 

0.2025E402 

0.0 

0.2025E+02 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2100E+02 

0.0 

b".2lb0E+02 

o'i 0 

0~.2100E+02 

0.0 ■ 

0.2100E402 

0.0 

0.2100E402 

0.0 


Ys0.31750E*02 


Y=0.32750E*02 


YS0.33750E+0 


X 

P 

X 

P 

X 

P 

o.iiobE+dE 

' b.5C19E*bl ' 

o.iiboE*o2 

0.1026E-07 

0.1100E402 

0.2379E-22 

0.1160E«02 

0.S096E«03 

0.1160E«02 

0.8261E-03 

0.1160E402 

0.1967E-14 

0.12C6e«02 

0.9277E+03 

0.1220E«02 

0.10S2E400 

0.12?^E402 

0.6080E-10 

0.1280E«02 

0.8449E«03 

0.1280E*02 

0.7742E«00 

0.1280E402 

0.3556E-07 

0Tl3^bE*02" 

~0r95S5Eib3"' 

’ ”’b.X34bE*02 

b.i634E401 

0.1340E402 

0.1237E-05 

0.1<»00E*02 

0.9819E*03 

0.1400E*02 

0.7007E401 

0.1400E«02 

0.6322E-05 

0.1460E*02 

0.1032E«04 

0.1460E«02 

0.1527E402 

0.1460E«02 

0.2654E-02 

0.1520E402 

0.1049E«04 

0.1S20E*02 

0.1908E402 

0.1520E402 

0.1067E-01 

■d.~1560E*d2 

■”b.'^e8E*b3 ' 

" b'a'sebE^oi" 

b.l695E*02 

"o‘ iseoE+be 

0.3368E-04 

0.16^0E«02 

0.4242E«03 

0.1640E«02 

0.1195E402 

0.1640E402 

0.1015E-03 

d.l725E«02 

■b.l320E*63 

0.l725E*b2' 

“oTsiitdEioi 

0.1725E402 

0.X975C-04 

0.1825E+02 

0.203SE*02 

0.1625E«02 

0.0 

0.1825E402 

0.0 

0~. i925E*02' 

~ oTo 

- ~o.1925E4 02 

■"b.'o" 

b.l925E402 

o.o” ~ 

0.2025E«02 

0.0 

0.2025E«02 

0.0 

0.2025E402 

0.0 


0.2100E«02 0.0 


0.2100E«02 0.0 


0.2100E402 0.0 


10 ,TINE=0.7^3553E-03 SEC 


— -tT0..-L270p0E+p2 


Y=o. 28 oggc+oa 


Y=0.29000E+02 


X 

P 

X 

p 

b.iiddE+02 

b.ao94E-ii" 

o.iiooE+di' 

b.i259E+00 

0.1160E+02 

0.3641E-0S 

0.116OE+02 

0.6397E+02 

0.1220E+02 

b“.’i799E>b2”‘ 

b.i22OE+02 

b.262'iE+03 

0.12aOE+02 

0.3144E-01 

0.1280E402 

0.3215E403 

b.l340E*02 

0.1162E+00 

b.l340E+b2’ 

0.2780E403 

0.1400E+02 

0.89‘:3E400 

0.1400E+02 

0.4566E403 

0.1460E+02 ’ 

"b.^TfsE+oi ' 

b . 1460E+o’2 ' 

b.4644E+03 

0.1520E+02 

0.4415E+01 

O.1520E+O2 

0.5493E+03 

o.iseoE+b’r' 

b.4596E*6l 

b.T58b’E+02'“ 

b.5694E+03 

0.1640E4-02 

0.3808E401 

0.1640E402 

O.462BE+03 

0.172SE+02 

Q’TST^ETdo'"' 

*"b.'l'725E+62 ' 

b.2619E+03 ~ 

0.1325E+02 

0.0 

0.18£5E-fQ2 

0.1072E+02 

0 .1925E+02 

0.0 

0.1925E+02 

b.b 

0.202SE+02 

Q.O 

0.2025E+02 

0.0 

'”6.“2ioTE402 

b.o 

TaTboE+oi' ' 

b.o 


X 

b.lIOOE+OS 

0.1160E+02 

0.1220E+02 

0.12SOH+02 

0.13A0E+02 

O.lAOOE+02 

Cr.i<^ 6 bE+ 62 " 

0.1520E+O2 

o.issoE+ba 

0.1640E+02 

b.l725E+o'2 

0.1825E+02 

b.l92SE+02 

0.202SE+02 

b.'2100E+02 


P 

b.9760E+03 

0.262OE+O'i 

0.252<iE+o^ 

0.26<^4E+04 

0,2557E+0«j 

0.2656E+0^» 

0.2613E+d^ 

0.2418E+0«i 

b.2l0iE+04'" 

0.1629E+04 

0.9121E+03 

Q.3329B+03 

d’o 

0.0 

0.0 


Y=0,30000E+02 

X p 

O.OldoE+di d.l688E+04 
0.1160E+02 0.2436E+04 
0.1220E+02 ‘0.1722E+04 
0.12COE+0^ p-,2606E+04 
O.1340E+O2^ 0.2178E+04 
0.1400E+02 0.2626E+04 
0.1460E+02 0.2302E+04 

O.1520E+02 0.1798E+04 
0.i5BOE+O2 0,1327E+G4 
0.1640E+02 0.9476E+03 
0.I725E+02 0.5702E+03 ' 

0.1325E+02 O.3O50E+O3 
O.1925E+02 ' 0.0 
0.2025E+02 0,0 
0.2100E+02 0,0 


YS0.30750E+02 


X 

P 

b.iiboE +02 

0.1688E404 

0.1I60E+02 

0.2456E+04 

0.1220E+02 

b.l722E+d4 

0.1280E+02 

0.S649E404 

0.1340E+02 

0.2624E+04 

0.1400E+02 

0.2626E+04 

0.1460E+02 

0.2613E+04 

0.1520E+02 

0.S509E404 

b.l580E+02 

0.22i6E+04 ' 

0.1640E+02 

0.1741E+04 

0.172SE+02 

0.98S1E+03 

0.1825E+02 

0.3622E+03 

0.1925E+02 

0.0 

0.2025E+02 

0.0 

0.2100E+02 

0.0 
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"''"5.r.31750E+02 Y^0.32750E+02 


X 

P 

X 

P 

o.llooE +62 

"”b.5219E+ri 

O.UboE +02 

' o'Yo2BE-07 

0.1160E+02 

0.5096E+03 

0.1160E^02 

0.8261E-03 

0.I220E+02 

0.9277E+03 

0.1220E+02 

0.1052E+^b 

0.12dOE4^02 

0.6<i49E+03 

0.1280E+02 

0.7742E+00 

0.1340E+02’ 

0 .9385E+03~ 

0.1340E+b2 

0.1634i+'oi 

0.1<^OOE402 

0.9819E+03 

0.1400E+02 

0.7007E+01 

0.1<)60Et02 

0.1032E-f04 

' 0’.i460E+02 

b.l527E+02 

0.1520E+02 

0.1096E+04 

0.1520E+02 

0.1905E+02 

b.isao'E+OE " 

' "b.Yb6ii+04 ~~ 

b'.'l560i+b2'' 

bT2673E+02“' 

0.164OE+02 

0.7733E+03 

0.1640E+02 

0.3271E+02 

b.l725E-t02 

0.4234E+03 

0.1725E+02 

’bV5400E+01 

0.1625E402 

0.2035E+02 

0.182SE+02 

0.1255E-01 

~ 0~i925E+02~ 

b.o 

'o,1925E+T2 ' 

'o.?' 

0.2025E402 

0.0 

O.2025E+02 

0.0 

0.2100E+02 

b.o 

b.2lbbE402 

0.0 


•* 






Y=0.33750E+02 


Y= 


X P 

0.1IOOE+Q2’ 0.2379E-22 
0,1160E+02 0.1967E-I4 

o,1226e+ 62 o.ebsoE-io* 
0-1C80E+02 0.3S56E-07 

0 .13(^0E+02 b .1237E-05 
0.1<i00E+02 0.B322E-05 
0.1460E+02 0.2654E-02 
0 . 1520E+02 0 . I067E-01 

O.iVbOE+OE 0.3368E-0^ 
0.16‘i0E+02 0.1015E-03 
O.lT'EBE+ba 6.i97SE-0<i 
0.1825E*02 0.0 

6.1925E+02’ 0.0 

0.202SE+02 0.0 

b,2100E+02 0.0 


If 

Pp-- 



. TIME STEP= 11 TIMEK0.873301E-r3 SEC 


- .T=0,27000E + 02. 

X p 

O.lldoE + ijs 0.609<iE-li 
0.1160E+02 0.36^1E-05 

0.1220E + 02 0*.i799E-02' 

0,1260E + 02 0.31<%^E-01 

0,1340E+02 0.X162E+O0 
0.1«iOOE+02 0.899SE+00 
b.ii»60E*02 ' 0.2798E+01 
0,'920E*02 0.^^15E+01 
0 . 1560E+ 02 drS96di"+or ' 
O.1640B+02 0.9039Ef01 
0.1725E + 02 0'.8508E*+di ’ 

O.X825E+02 0.9X69E-01 

vrr925E+dr" o . d 

0.2025E+02 0.0 

o.2idoE+o2 o.b " '■ 


T-0. 28000E+02 Y=0.29000E+02 


X 

P 

X 

P 

~ O.ilOOE+02 

0.1259E+00 

O.llOOE+02 

0.9760E+03 

0.1160E4-02 

0.6397E+02 

0.1160E+02 

0.2620E404 

0.i220E*02 

0.2621E+03 

0.122OE402 

0.252^E+04 

O.X280E+02 

0.321SE+03 

0.128QE402 

0.2644E+04 

0.13«t0E*02 

0.2780E+03 

0.13<n5E + 02 

0.2557E+0^ 

0.1400E4'02 

0.4S68E+03 

0.1400E+02 

0.2656E+04 

O.K60E+02 

0.«j64‘iE + l)3 

0.1<i60E+02 

0.2613E+0<i 

0.1520E+02 

0.5S07E+03 

0.1520E+02 

0.2418E404 

0.1560E4Q2 

0.572SE+03 

O.X580E402 

0.2105E404 

0.16^0E+02 

0.<)659E<f-03 

0.I640E402 

0 < 1634E+04 

0.i725E+02 

0.2643E+03 

0.1725E+02 

0. 9170E403 

0.1625E+02 

0.9728E+02 

0.X82SE+02 

O.33S4E403 

b.i925E+02 

dVo 

0.1925E+02 

0.0 

0.2025Ei02 

0.0 

0.2025E+02 

0.0 

d^.2ib0E+02 

b . 0 

0.2100E+02 

0.0 


Y=0.30000E+02 Y=0.50750E+02 


X 

■ P 

X 

P 

0.X10OE4O2 

0.1666E404 

0.1100E402 

0.1688E404 

O.X160E402 

0.2436E404 

0.1160E402 

0.2436E404 

O.X220E40e. (J.X722E404 

4 • 

O.I220E402 

0.1722E404 

O.X280E402 

• 

-0.2606E404 

0.1280E402 

0.2649E404 

0.1340E+02 

•0.2ySE404 

0.1340E402 

0.2624E404 

0.1400E402 

0.2626E404 

0.X400E402 

0.2626E4O4 

0.1460E402 

0.2306E404 

O.1460E4O2 

0.2613E404 

0.1520E402 

0.1805E404 

0.1520E402 

0.2509E404 

0.1580E402 

0.1333E404 

0.1SS0E402 

0.2219E4Q4 

0.X640E402 

0.9529E403 

0.1840E402 

0.1746E404 

0.X72SE402 

0.S740E403 

0.I725E402 

0.9911E403 

O.X825E402 

0.3061E403 

0.1825E402 

0.3643E403 

O.I9C5E402 

0.0 

0.192SE402 

0.0 

0.2025E402 

O.Q 

0.202BE402 

0.0 

0.2100E402 

0.0 

0.2100E402 

0.0 


Y=p.33750E+02 


Yr.P.*3175qE+p2 _Y=p.327SDE+02. 


X 

p 

X 

P 

X 

P 

O.llOOE+02 

”b.S2i9E*01 ' 

6.1100E402 

0.1028E-07 

0.1100E402 

" 0.2379E-22 

0.1160E*02 

0.5096Ef03 

0.1160E+02 

0.8261E-03 

0.1160E402 

0.1967E-14 

b~. 1220E+02 

0.9277E+03 

0.1220E+02’ 

6.10B2E400 

0.1220E402 

0.60S0E~ld 

0.12S0E-»O2 

0.6449E<»03 

0.1260E402 

0.7742E400 

0.1280E402 

0.3556E-07 

0.1340E402 

0.9385E+03’' 

0.i390E+02 

0.1634E4bl 

0.1340E402 

6.3745E-05 

0.1400E+02 

0.98X9E+03 

0.1400E402 

0.7007E401 

0.1400E+02 

0.2303E-03 

b.i^60E+02 ’ 

O.I032E+04 

0.1460E402 

6.1527E402 

0.1A60E402 

0.2654E-02 

0.1520E+02 

0.1100E-f04 

0.1520E+02 

0.1905E402 

0.1520E+02 

O.1067E-OI 

0.1580E<'02 

b.T009E+04 

6.i?80E402 

0.276li402 

""o ". iS36E462 * 

0.2164E-01 

0.16<f0E+02 

0.7778E+03 

0.1640E+02 

0.3313E402 

0.1640E+02 

0.2750E-01 

0.1725E+02 

0.9267E+03 

0.1725E+02 ' 

"(T.2592E+02 ' 

0.1725E+62 

0.2359E-03 

0.1825E+02 

0.1591E+03 

0.1325E402 

0.4369E400 

0.1825E402 

0.0 

0Ti925B+02 ~ 

676 

*6.19251+02 * 

"b.'d 

6.1925E+02 

0.0 

O.C025E+02 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2iodi+02 

0.0 

0.2100E+02 

0.0 

0.2100E402 

0.0 


212 - 








TIHE.STEP= 12 TIKE=0.962933E-03 SEC 


_... ... ..„ X=O.f.27.0p0E+p2. 

.....Y=p.280p0E+02 

... Y=0.29000E402 

Y=0.30000E402 

Y=0.30750E402 

< 

X 

P 

X 

P 

X 

P 

X 

P 

X 

P 

O.llOOE+OZ 

0.809<iE-ll 

O.llOOE+02 

0.1259E+00 

0.1100E402 

0.9760E+03 

0.1100E402 

0.1688E404 

b.iiD0E402 

b.l688E404 

0.1160E402 

0.3641E-05 

0.1160E-)-02 

0.6397E402 

0.1160E402 

0.2620E+04 

0.1160E402 

0.2436E404 

0.1160E+02 

0.2436E404 

0.122OE+02 

0.1799E-02 

0.1220E402 

0.2621E+03 

0.1220E402 

b.2524E404 

0.1220E40a 

0^1722E4a4' 

0.1220E4Q2 

0.1722E4Q4 

0.1280E+02 

0.31^^E-01 

0.1260E402 

0.3215E+03 

0.1260E402 

0.2644E404 

0.1280E+02' 

•^O.j?606E404 

0.1280E402 

0.2649E404 

O.mOE+02 

O.U62E+00 

0.1340E+02 

0.2780E+03 

0.1340E402 

0.2S57E404 

0.134QE402 

^0.-2i76E4O4 

0.1340E+02 

0.2624E404 

0.1400E4^02 

C.899BE+00 

0.1400E402 

0.4566E+03 

0.1400E402 

0.26S&E+04 

0.1400E+02 

J^,2<^6E404 

0.1400E402 

0.2626E404 

O.M60E+02 

0.2798E+01 

0.1460E+02 

0.4644E+03 

0’l46dE4Ci2"' 

0.26i3E404 

0.1460E402 

0.2306E404 

0.1460E402 

0.2613E404 

0.1520E+02 

0.^415E+01 

0.1520E+02 

0.5507E+03 

0.1520E402 

0.2594E404 

0.1520E402 

0.2561E+04 

0.1520E402 

0.2561E4Q4 

0.1580E4-02 

0.5960E+01 

0.1580E+02 

0.572SE+03 

0.1580E+02 

0.2S83E404 

0.1560E4D2 

"b.2210E404"" 

0.1580E402 

b.2219E404 

0.16^^DE402 

0.9039E+01 

0.1640E+02 

0.5294E+03 

0.1640E402 

0.2371E+04 

0.1640E402 

0.1546E404 

0.164QE402 

0.1746E404 

0.1725E402 

0.8508E+01 

‘'0.1725E+02 

'"’6.372dE4-03 ’ 

d.l725E402 

0.1505E404 

0.1725E+02 

0.8234E403 

0.1725E402 

D.99UE4b3 

0.1S25E+02 

0.8661E4Q0 

0.1825E+02 

0.1181E403 

0.1825E402 

0.4772E403 

0.1825E+02 

0.3639E403 

0.1825E402 

0.3648E403 

0.1925E+02 

0.0 

0.1925E+02 

0.2051E402 

0.1925E402 

0.8169E402 

0.1925E402 

’ 0.1557E403 

0.1925E402 

0.1557E403 

0.2025E402 

0.0 

D.2025E+02 

0.0 

0.2025E4O2 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2100E402 

”oT "" 

* T.2iodE+or 

0.0 

0.2100E+02 

0.0 

0.2100E+02 

0.0 

b.2100E402 

0.0 

- 

• 

— 

- - • 




• 






J^i.0 WiUd ii« -—^ ■-' ‘ - '• -' 


*-** •''^Ji 


Y=0.31750E+02 


Y=0.327S0E+02 


Y=0.33750E+02 


X 

P 

X 

P 

X 

P 


'o.Tioob’oi " 

“b.5219E+bi " 

'6'.'irboE*02 

b"ib28i-o7 

' o.ixooE+ba 

*'0^2379E-22 


0.1160E+0S 

0.5096E+03 

0.1160E+02 

0.8261E-03 

O.XX60E+02 

0.1967E-14 


0,1220E+02 

0.9277E+O3 

0.a220E+02 

0.10S2E+00 

0.1220E-<-02 

0.8080E-10 


C.12S0E+02 

0.e^49E+03 

0.a280E+02 

0.77<t2E+00 

0.1280E-1-02 

0.3556E-07 


oaiToE+'oE 

■ d^biisE+bs'^ 

■ "'o.'as^bE+bi 

O.X634E+01 

0.1340E+02 

0.3745E-05’ 


0.1<tOOE+02 

0.9SX9E+03 

O.X400E+02 

0.7007E+01 

0.1400E4-02 

0.2303E-03 


0.1^60E*02 

0.1032E+04 

0.1‘^60£-i-02 

0.1527E+02 

0.1460E4-02 

0.2654E-O2 


C.1520E+02 

O.llBOE+04 

0.1520E+02 

0.1905E+02 

0.1520E4-02 

0.1067E-01 



"o.To6£E+o4 

““ o'iiseoi+oF 

0.2701E+02 

■"■"oTisabE+bF 

o72164E-01 


0.1640E4^02 

0.118AE+04 

0.1640E+02 

0.3313E+02 

0.1640E+02 

0.2750E-01 


0.1725E+02 

0.7183Ef03 

0.1725E+02 

0.2592E4-02 

0.1725E+02 

0.2209E-01 


0.1625E+B2 

0.218dE<t-03 

0.1825E+02 

0.1164E+02 

0.1825E+02 

0.3595E-05 


dTl^SE^bf" 

’ d737b7E‘+62™ 

”b.l925E+02 

"o.F ™ 

b'X925E+or 

0.0 

• '• * ••••"• 







S o 

0.£025E«02 

0.0 

Q.2025E+02 

0.0 

0.2025E+02 

0.0 








.^. g. ... 

0.2100E4'82 

0.0 

o.aiooE-i-oa 

0.0 

O.ElOOEf'OE 

0.0 

If 







...... - JO -- 







C? tP 




, ,,, 

. 

. . . - 





TIME_.STEP= 13 . TIHE-0 . 970919E-03 SEC 


X70.JS.27000E+02. _.Y=O.E800qE+02 


Y=0.29000E+02 Y=0.30000E+02 Y=O.307SOE+O2 


X P 

X 

P 

X 

P 

X 

P 

X 

P 

O.llOOE+02 0.8094B-11 

b.llOOE+02 

0.1259E+00 

O.llOOE+02 

0.9760E+03 

O.llOOE+Oa 

6.1688E+04 

O.lioOE+02 

0.1688E+04 

0.1160E+02 0,36^ilE-05 

0.1160E+02 

0.6397E+02 

0.1160E+02 

0.2620E+0^ 

0.1160E+02 

0.2436E+04 

0.1160E+02 

0.2436E+04 

0.1220E+02 0.1799E-02 

0.1220E+02 

0.2621B+03 

0.1220E+02 

0.2S24E+04 

0.1220E+02 

0.1722^04 

0.1220E+02 

0.1722E+04 

0.1280E+02 0,31<i<»E-01 

0.1280E+02 

0.321SE+03 

0.1280E+02 

0.26<)4E+09 

0.1280E+02 

V 

0.2606E-^04^;‘‘ 

0.1280E+02 

0.2649E+04 

6.1390E+02 O.H62E+00 

0.1340E+02 

0.2780E+03 

6.1390E+02 

0.2557E+04 

0.134QE+02 

0.2178E+.^’^.' 

0.1340E+02 

0.2624E+04’ 

0.1400E+02 0.8995E*00 

0.1400E+02 

0.^566E+03 

0.1400E+02 

0.2656E+04 

0.1400E+02 

0.2626E+0^., V4.0.1400E+02 

0.2626E+04 

6.1^602+02 0.2798E+6i 

O.l^fSOE+Oa 

0.4644E+03 

0.1<i60E+02 

0.2613E+04 

0.1460E+02 

0.2306E+04 

0.1460E+02 

0.2613E+04 

0.1520E+02 O.^fAlSE+Ol 

0.1520E+02 

0.5507E+03 

0.1520E+02 

0.2594E+04 

0.1520E+02 

0.2561E+04 

0.1520E+02 

0.2561E+04 

O.iMoE+Oa 0.5960E+01 

0.1580E+02 

0.S725E+03 

0.1580E+02 

6.25B3E+04" 

0.1580E+02 

0.2210E+04 

O.IBSOE+OE 

6.22X9E+b4’ 

0.16A0E+02 0.9039E+01 

0.1640E+02 

0.529^iE+03 

0.16<*0E+O2 

0.2371E+04 

0.1640E+02 

0.1546E+04 

0.1640E+02 

0.1746E+04 

0“.i72SB+b2 0.8508B+01 

0.172SE+02 

6.3720E+03 

6.1725E+02 

0.1864E+04 

0.1725E+02 

0.1864E+04"' 

6.1725E+02 

0.id&4E+64 

0.1625E+02 0.886XE+00 

0.1825E+02 

0.1181E+03 

0.1825E+02 

0.6178E+03 

0.162SE+02 

0,6a78E+03 

0.1825E+02 

0.617SE+03 

0.i925E+02 0.0 

0.1925E+02 

0.2051E+02 

0.1925E+02 

0.8169E+02 ' 

0.1925E+02 ’ 

6.1S57E+03' ' 

0.1925E+02' 

0.1S57E+03 

0.2025E+02 0.0 

0.202SE+02 

0.0 

0.202SE+02 

0.0 

0.2025E+02 

0.0 

0.2025E+02 

0.0 

0.2100E+02 0.0 

F.2100E+02 

0.0 

6721002+02 

0.0 

0-2100E+02 

0.0 

b.210'0E+02’ 

0.0 


r=0,317SpE*02.._ Y=p.327SpE+p? Y=0 . 337SOE+02 


X 

P 

X 

P 

X 

P 

O.llOOE+02 

0,5219E+01 

b^lioOE+02 

6. 1028E*07 

OaiOOE402 

0.2379E-22 

0.1160E+OE 

0.S096E+03 

O.I160E4O2 

0.8261E-03 

0.1160E402 

O.X967E-li» 

O.iSEOE^OE 

0.9277E+03 

0.1220E402 

0.1052E400 

0.1220E402 

6!,8080E-i6 

0.12B0E+02 

0,6<i^9E403 

0.1280E402 

0.77A2E400 

O.X280E402 

O.3SS6E-07 

0.13i40E+b2 

" o'. 93e5E + b3~ 

O.Z3^0E+02 

0.163<ii4'6'l ' 

O.X3^0E402 

b.3745E-05 

O.lfliOOE+02 

0.9S19E403 

0.1<)O0E4O2 

0.7007E401 

0.1400E402 

0.2303E-03 

O.l'iBOE+Oa 

C.1032E+04 

0.1460E+02 

0.1527E402 

0.X460E402 

0.2654E-02 

0.1520E+02 

0.1100E404 

0.1520E+02 

0.190SE+02 

P.1520E402 

O.X067E-OX 

”o "iBaoE+ba " 

0.1082E+04 

bassoE+oT 

0.2701E402 

'O. 1580E402 " 

0.216<iE-01 

0.1640E-f02 

0.1164E404 

Q.1690E402 

0.3313E402 

0.1640E402 

0.2750E-OX 

0.1725E+02 

0.7183E+03 

0.1725E402 

0.2592E402 

0.X72SE402 

b.2209E-0l‘ 

0.1825E+02 

0.2228E403 

0.1625E402 

0.X164E402 

0.X825E402 

0.3S95E-05 

b7i92SE+62""' 

0.3707E+02 

“6.19251402 ' 

6.0 

6.X925E402 

0.0 

0.2025Ef02 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.2100E+52 

0.0 

0.2100E402 

0.0 

6.2X00E402 

6.0 


■91Z 



I 


I 


I 


i 


- . STEPS 14 _ TiriE=0 . 100436E-02 SEC 


— -tr0.27ppOE*0,2. _Y=p.2e0pOE+02.., 


Y=0.290,OOE+02 _ Y=0.30000E*02 Y=0. 30750E+02 


X 

P 

X 

P 

X 

O.ilOOE+02 

d.8094E-ll 

d.llOOE+02 

b.l2S9E+bo' 

b.lioOE+OE 

0.1160E+02 

0.3641E-05 

0.1160E+02 

0.6397E+02 

0.1160E+02 

C.1220E+02 

0.1799E-02 

b .i22'bE4-02 

0.2621E+03 

0.1220E+02 

0.1280E+02 

0.3144E-01 

0.1280E+02 

0.3215E+03 

0.1280E+02 

0.1340E+02 

0.1162E400 

b7l340E+02 

b.27eOE+b3 

0.1340E+02 

0.1400E+02 

0.699SE+00 

0.1400E+02 

0.4566E403 

0.1400E+02 

0.1460E+02 

0.279fiE+01 

o71460E+02"‘ 

0.4644i+03' 

0.1466e+62 

O.I520E402 

0.4415E+01 

0.1520E+02 

0.5507E+03 

0.1520E402 

0.i58dE+02 

0.5960E+01 

0.1580E+02 

0.5725E+03 

0.i580E402 

0.1640E+02 

0.9039E+01 

0.1640E+02 

0.5294E+03 

0.1640E402 

0~,1725E+02” 

d78508E+0r" " 

0.T725E+02 ' 

b.5'72bE+b3 ’ 

T.1725E+02" 

0.1825E«02 

0.4323E+01 

0.1825E+02 

0.1181E103 

0.1825E+02 

0.1925E402 

d.b 

0.1925E+02 

0.2051E+02 " 

b.l925E+02 

0.2025E402 

0.0 

0.2025E402 

0.0 

O.2025S+02 

0.2100E+02 " 

To ^ 

d.2i00E402 

To 

672100E402 







P 

X 

P 

X 

P 

0.9760E+03 

0.1I0OE4O2 

0 7i688E+04 

b7iiboE*o2 

0.1688E+b4 

0.2620E+04 

0.1160E+02 

0.2436E404 

0.1160E402 

0.2436E404 

0.2524E404 

O.I220E402 

0.'l722E+04" ’ 

b.i220E+02 

0.1722E404 

0.2644E404 

0.1260E402 

0.2606E+0<i 

0.1280E402 

0.2649E404 

0.2SS7E+G4 

0.1340E+02 

0.2178E+09 

o.iBboEfbe 

0'.2624E4cT 

0.2656E404 

0.1400E4-02 

0.2626E+04 

0.1400E+02 

0.2826E404 

0.2613E404 

0.1460E402 

0.2306E404 

0.1460E+02 

0.26X3E404 

0.2594E404 

0.1520E402 

0.2561E+04 

0.a520E+02 

0.2561E404 

0.2583E+04 

b.l580E+02 

b.2210E+04" 

67i5abB402 

0.2219E404 

0.2371E+04 

0.1640E402 

0.1S46E+0^- 

0.1640E+02 

0.1746E404 

0.1974E+04 

0.172BE+02 

0.1974E+04~" 

b.i725E+02 

0.i974E4d4 

0.6836E4O3 

0.1825E+02 

0.6636E403 

0.1825E402 

0.6636E403 

0.1767E+03 

" 0.1925E+02 

0.1767E403 

d.i925E402 

0.1767E+03 

0.0 

0.2025E402 

0.0 

0.2025E402 

0.0 

0.0 

0.2100E+02 

0.0 

b.2ld0E402 

0.0 




Y=0.31750E+02 


Y=0.32750E+02 


Y=p.33750E+02 


X 

P 

X 

P 

X 

P 

O.llOOE+02 

'b.'5219E+0i 

O.libOE+02 

O.I028E-07’ 

O.llOOE+OE 

0.2379E-22 

0.1160E+02 

0.5096E+03 

0. 11602^02 

0.8261E-03 

0.1160E+02 

0.1967E-19 

0.i2£0E+02 

0.9277E+03 

0.1220E+02 

'’b'.1052E+bd 

’ b.iEaoE+oi' 

b'.8080E’-io 

0.12SOE+02 

0.8A49E+03 

0.1280E+02 

0.7792E+00 

0.1260E+02 

0.3S56E-07 

0.13^0E+02 

0.9385E+b3” 

~ 0.1390E+02 

0.i639E+di * 

0.1390E+0r 

0.3795E-05 

0.1<^OOE+02 

0.9819E+03 

0.1400E+02 

0.7007E+01 

0.19QOE+02 

0.2303E-03 

0.1460E+02 

0.1032E+04 

O.H60E+O2" 

0.1527E+02” 

0.1960E+02 

0.2659E-b2 

O.X520H+02 

0.1100E-fQ4 

0.1520Ei02 

0.1905E+02 

0.1520E+02 

0.1067E-01 

0.1580E+02 ’ 

0.1082E-»o4 

b.l580E+oi" 

6“. 276i'e+02 " 

o.ibsoe+oe’' 

0.2i64E~bi 

0.1640E+02 

O.1184E+04 

0.16902+02 

O.3313E+02 

0.I690E+02 

0.9924E-01 

0.1725E+02 

b.7ie3E+b3 

0.1725E+02 

0.2592E+02 

0.1725E+02 

0.2209E-01 

0.1825E+02 

0.2589E-f03 

0.1825E+02 

0.1169E+02 

0.1S25E+02 

0.1901E-03 

0.1925E+02 " 

o73707E+02 

~b.l925i+02 ‘ 

0.693'6E-03 ' 

b.l925E+02" 

0.0 

0.2025E+02 

0.0 

0.2025E+02 

0.0 

0.2025E+02 

0.0 

0.2100E+02 

0.0 

0.2100E+02 

0.0 

6.'2ib0E+02' 

0.0 



- ■— -X.=0_...^7p001+p,?.. _ _ Yr.O.gSOp.9E+02.. 

^ P X p 


O.noOE+02 

0.0 

o.n'ooEfod 

0.6 

0.1160E+02 

D.O 

0.1160E402 

0.0 

0.1220E+02 

.... _ 

0 . 12205+62 

0.3767E-16 

0.12S0E+02 

0.0 

0.I260E4O2 

0.0 

0.1340E+02 

0.0 

0.1340E+6'2’ 

6.0 ^ 

0,1900E+02 

0.63*i9E-22 

0.1400H402 

0.0 

0.1A6dE+02 ’ 

'"o.'o 

0.1460E+02* 

676 

0.1520E+02 

0.0 

0.1520E402 

0.0 

0.158CE+02 

0.6 

6.1580E402 

0.5293E-16 

0.1640E-f02 

0.1710E-16 

0.1640E402 

0.0 

"" ~~ oTi725E+02““ 

oTo ■ 

“0.1725i+'62 

"o.F 

0.1825E+02 

0.1936E-03 

0.1825E402 

0.2196E-09 

0,192SE402 

0.24305400 

6.1925E+02 

0.1624E-01 

0.2025E402 

0.SZ16E-05 

0.2025E+02 

0.2064E401 

O.210 Te+02 ‘~ 

oX ““ 

claioolioF 

0.0 


t 



.steps, 15 . , TIME-0 . 12fi215E-P2 SEC 


YS0.29000E+02 


Y-0.300POE+02 YS0.30750E+02 


X 

P 

X P 

X 

P 

0.1100E402 

0.0 

0.1100E402 0.4596E-01 

o.ii6oE462 

d.459’6E-6T 

0.1160E402 

0.0 

0.1160E+02 0.5234E+00 

0.1160E402 

0.5234E400 

0.1220E+02 

6.0 

0.1220E402 0.0 

6.12206402 

0.6 “ 

0.1280E402 

0.0 

0.1280E402 0.0 

0.1280E402 

0.0 

0.1340E+02 

0.0 

0.1340E402 0.6472E40l' 

6 . 13406462 ’ 

0.6472E46'i ' 

0.1400E+02 

0.0 

0.14QOE402 0.0 

O.14GOE40e’ 

0.0 

0.1460E402 

0.0 

0.1460E402 0.0 

0.1460E402 

6.0 

0.15COH+02 

0.3020E401 

0.1520E402 0.3020E+01 

0.1520E402 

0.3020E401 


0.0 

O. 158 oi 402 6.0 

0.1580E402 

0.0 

0.1640E+02 

0.0 

0.1640E+02 0.0 

0.I640E402 

0.0 

6.1725E+02 

0 . 0 " 

0.1725E402 old 

6.1725E+62 

6 . 6 ~’ "" 

0.1825E+02 

0.2O41E4OO 

0 . 1825E402 0 . 2041E+00 

0.1625E402 

0.2041E+00 

0.1925E+02 

0.9292E-01 

0.1925E402 0.9554E401 

'6.1925E402' ' 

b.9554E+0i 

0.2025E+02 

0.4883E402 

0.2025E+02 0.8568E402 

0.2025E402 

0.8582E402 

0.2100E402 

0.0 

6.2100E402 0.0 

6.2100E402 

0.0 

~ • 

• 

.* . . . ^ ^ ^ 




; 


61 Z 


t 


I 


- T-0.,3175PE+02 Y=0,32750E*P2. , Y=0.33750E+02 

^ p X P P 

o.riocE+02“b.'o b:u6oE;o2 bio “ oiiiooE+os "'o.o ' 

0.1160E+02 0.0 0.1160E+02 0.0 0.1160E+02 0.0 

d . i22di+02 0 . 0 "b.'iibbE^oi bib o .iacoE^ab^bib''” 

0.1280E+02 0.0 0.12SOE402 0.0 0.1260E402 0.0 

0,i3<i0E402' oTb" b.Ia^bi^bb “o.b' b.iiboE+ob' oisioTi^n 

0.a400E*02 0.0 O.WOOE402 0.239SE-19 0.1400E402 0.0 

0.1960E402 'bir'"" ”'b:W6bE*b2 0.0 0.1460E402 0.a078E-19 

0.1520E402 0.0 0.1520E402 0.0 0.1520E402 0.3154E-12 

o.i560E+02 b.o biiMOE+br oTsiboi-aT ''biiBboE+ba o.b 

0.16(i0E402 0.0 O.ie'iOE+OE 0.0 C.1640E402 0.0 

b.l/25E4b2 b.o b.i725E4b2 0.0 0.i725E4b2 ‘ b.86a7E-18 


0.1S25E+02 0.9930E-09 0.182BE402 0.1228E-12 0.1825E402 0.8359E-03 
b.i925E402 0.36bbE-bl b.i925E402 b.lb^'tE4oi 0.1925E402 0.5666E-03 
0.2025E402 0.3682E401 0.2025E402 0.1215E+00 0.202SE402 0.0 

b.2iboi+02 “oTo b:2ibbi;br"b.b b;2iooE402 o.o 


220 - 


TIHE STEP= 17 T1MB=0.183769E-02 SEC 


X7®-i270p0E+p2. Y=p.280ppE+02 Y=0.29000E+02 . Y=0.30000E+02 Ysfl-SOYBOEfOE 


X 

P 

X 

P 

X 

P 

X 

P 

X 

P 

O.XlOOE+02 

0.0 

O.UOOE402 

0.0 

O.IlOOE+02 

0.0 

O.llOOE+02 

0.1039E-02 

O.llOOE+02 

0.X039E-6'2" 

0.1160E402 

0.0 

0.1160E-f02 

0.0 

0.1160E+02 

0.0 

0.1160E+02 

0.9199E-02 

0.1160E4-02 

0.9199E-02 

0.122QE+02 

0.0 

' ""b.i22b’E+b2 

’"o.d" 

0.1220E+02 

0.0 

0.1220E4-02 

O.C 

6.i22o'E402 

0.6 

0.128DE-I-02 

0.0 

0.1230E402 

0.0 

0.128DE-f02 

0.l2<i2E-04 

0.1280E402 

0.12A2E-D4 

0.1280E+02 

0.1242E-0^ 

O.mOE+02 


0.1340E+02 

”"d.o 

0.13^DE+02 

0.2758E-03 

0.1340E+02 

0.275aE-03 ' 

""0.i390E+02 

6.2758E-oF 

0.1400E+02 

0.0 

0.1400E«02 

;0-0 

0.1<^00E-i-02 

0.0 

O.WOOE+02 

0.0 

O.WiOOE+02 

0.0 

b."W66E+02 ' 

“o.'o 

“ d^l460E+oF 

.--Fro""* 

V.1960E+O2 

0.6 

0.1460E4O2 

0.0 

O.X960E+02 

6.0 

0.1520E-f02 

0.0 

0.1520E+02 

0.0 

0.1520E402 

0.0 

0.1520E402 

0.0 

0.1520E402 

0.0 

0.1580E+02 

0.0 

0.1580E+02 

0.0 

0.i560E402 

0.0 

0.1560E402 

b'Jo 

0.1580E-f02 

"oTo 

0.1640E+02 

o.c 

O.lO'iOE+OB 

PiO 

0.1640E402 

0.0 

O.Xe'iOE+OE 

0.0 

0.16<iOE+02 

0,0 

"■ 0'.’i7^E+b2‘“ 

' o7b 

“b.l725E+02 

■^.0 

b^l725E+02 

0.0 

0.1725E+02 ’ 

0.0 

‘ 0.i725E+02 

o' 

• 

1 

t 

0.1825E4^02 

0.0 

0.IS25E+02 

0.0 

0.1625E-f-02 

0.0 

Q.162BE402 

0.0 

0.I625E+02 

0.0 

0.1925E+02 

0.0 

0.1925E-I-02 

0.0 

0.1925E+02 

c.o 

0.1925E+02 

0.0 

6.1925E+02 

0.0 

0.20Z5E*tiZ 

0.6<*07E-22 

0.2025E+02 

0.2879E-17 

0.2D25E+02 

0.1083E-01 

0.2025E+02 

0.1083E-01 

0.202BE-i-02 

O.XOa3E-01 

b.TidoE+02 ■ 

“b,T9iaE-66 

"" 'd^2T6o¥+or 

¥l5589E-oF 

0.2100E+02 

0.3600E-02 

0.2100E402 

0.4272B+00 

6.2I00E-f02' 

0.4272E400 



Y=0.31750E+02 

Y=0.32750E*02 

X 

P 

X 

P 

O.llOOE+02 

"'b,o" 

■ o'^'ubOE+02 

■ 0^0 

0.1160Ef02 

0.0 

0.1160E+02 

0.0 

0.i220E+02 

0.0 

0.1220E402 

0.0 

0.12SOE+02 

c.o 

0.12dOE402 

0.0 

oTif^oE+os* 

... 

“o 

''o.b'’ 

O.lAOOE+02 

0.0 

0.19GOE402 

0.0 

Q.i<!i60E-f02 

0.0 

0.1960E+02 

0.0 

0.1520E+02 

0.0 

0.1520E+02 

0.0 

0.1560E+02 ■ 

'"■b.o" 

b"l5'8dE402‘ 

6.0 

0.1640E+02 

0.0 

0.1640E402 

0.0 

0.1725E+02 

0.0 

0.1725E402 

0.0 

0.1825E+02 

0.0 

0.1825E+02 

0.0 

0719252402“ 


"b .19251+02 ' 

"o.o"' 

0.20C5E+02 

0.126DE-16 

0.2025E+02 

0.1975E-20 

0.2100E402 

0.11202-06 

0.2100E+02 

0.1274E-05 







Y=0.33750E+02 Y= 

X P 


O.llOOE+02 

0.0 



• • • ^ 

0.1160E+02 

0.0 




0.122bE+02 

0.0 




0.1280E+02 

0.0 




0.1340E+02 

0.0 


- - 

- 

0.1400E+02 

0.0 




0.1460E402 

0.0 





0.1520E+02 

0.0 




“oTiseoE+ba" 

0.6 




0.1640E+02 

0.0 




0.1725E+02 

b.o 





0.1325E+02 

0.0 




b;i925E+02" 

6.0 

.... 

• — 

“ -• — • — • -- — 

0.2Q25E+02 

0.3391E-10 




b.2lboE+02 

6.2276E-04 



■ 



I 



222 - 



STEPS A9.. TIME=0.239324E-02 SEC 


X 


-■ ■^'U29pooEto2„ x~p.monm 

X p 

0.1100E+Q2 ’'T^zi'3<i-0S' 
0.1160E+02 0.0 

6.1220E+02 6.0 

0.1280E+02 O.lOl^fE-16 
o.is^bE+oi oTo 
O.KOOE+02 0.0 


0 .iiooE+02 

0.1160E402 0.0 

b7i226E+62'"'’6T6 “* " 

0.1280E+02. 0.0 

0 . i 3^6 E + 02 6. o" 

O.WOOE+02 0.0 


~ ... YS0.30750E+02 

X p 

b . liboE+ol .lii^E-os" 

0.1160E+02 0.0 

0.1220E+02' 6.0 ■” 

0.12flOE+02 0.0 
0.1340E+02 0.0 


Y= 



0 ,l<f 6 dH +02 

■*■" 6.0 

0.i6*60E+02 O^O"" 

O.i^EOE+OE " ord 




— 

0.1520E402 

0.0 

0.1520E+02 0.0 

0.1520E+02 0.0 






0.0 

6.is80E+02 0.0 

0.15SOE+02 6.0 






0.1640E+02 

0.0 

0.1640E+02 0.0 

0.1640E+02 0.0 





0.i72SE+02 

0.0 

’~0.172SE+T2 "'o.T *"■ 

Oa72SE+or 6.o“" 

.. 



.. 


0.132SE+02 

0.0 

0 .ia 25 E 402 0.0 

0.182SE+02 0.0 





0.1925E402 

0.6 

o.a92SE+62 6.6 

d.l 92 EE 462 ' o'.'o 


— ......... 

. . 4 . 


0.2025E+02 

0.0 

0.2025Ef02 0.0 

0.202BE+02 0,0 





0.2i00E+02 

0.6 

O. 2 X 06 e +02 b.o 

d." 2 idoE +02 "* 0.0 ■ ' 








TIME STEPS 53 T1ME=0.5050WE-01 SEC 
ALL NODE PRESSURES ARE ZERO 


TIME=0.181667E-03 SEC 


P.JSPLACEMENTS AND BENDING, STRESSES VS. RADIAL STATION 


DISPLACEMENTS RADIAL 

IH-PLANE OUT-OF-PLANE*««LEO-EDG 

,0,3S3?^E-1J2 -.9A973E-02 T.92376E+03 


.0.27.(>OOE+fl2 .0.3S3?^E-02 -.9A973E-02 T.92376E+03 

0.2SOOOE402 0.29OS6E-0Z -.S6260E-02 -.6<iA32E+03 
0.29000E+02 0.19716E-02 -.775*85-02 *» -.73765E+03 
0.30000E+02 0.10377E-02 -.68835E-02 an -.67062E+03 

.0.3075PE*02 .C.33716E-03, -.62300E-02, -.61936E+03 

0.31750Ef02 -.59680E-03 -.S3588E-02 -.A6211E403 
0.32750E+02 -.1S308E-02 -.AAfl7SE-02 nn -.30928E+03 
0.33750E+02 -.2A6A7E-02 -.36162E-02 an -.16801E+03 


BENDING STRESS 

CHO-PNT 

T.92376E+03 

-.SAA-32E+03 

-.73765E+03 

-.67062E405 

-.61936E+03 

-.46211E+03 

-.30928E+03 

-.U801E+O3 


TRL-EDG 

-.92376E+03 

-.89A32E403 

-.73765E+03 

-.67062E+03 

-.61936E+03 

-.A6211E+03 

-.30928E+03 

-.168O1B+03 


DISPLACEMENTS VS. CHORDHISE LOCATION 
AT IMPACT RADIUS 


— _ 



•• -• — ~ 

— 

X 

0.0 

0.60000E400 

0.12000E40I 

o.iaoooE40i 

0.24000E401 

0.30000E401 

IN-PLANE 
O.X3742E-01 
. O.X2452E-OI 
0.1082XE-01 
0.9I905E-02 
0.75599E-02 
0.59294E-02 

OUT-OF-PLANE 
-.30523E-0I 
„ -.28121E-01 
-.25087E-01 
-.220S3E-0I 
-.19019E-01 





0.3600QE401 

0.42988E-D2 

-.12951E-01 





0.42000E401 

0.26682E-O2 

-.99I74E-02 





0.48000E401 

0.10377E-02 

-.68835E-02 

. 


..... — _ __ 


0.54000E401 

-.592S9E-D3 

-.38496E-02 





0.62500E401 

-.29026E-02 

0.44B4SE-03 





0.72500E401 

-.56205E-02 

0.5S050E-02 





0.82500E401 

-.8330OE-O2 

0.1Q562E-01 





0.92500E401 

-.X10S6E-01 






O.lOOOOE+02 

-.13434E-01 

' 0.20043E-01 


STRESSES VS. CHORDMISE LOCATICW 
AT IMPACT RADIUS 


0.0 

0.A000E400 

_0._120q£+01 

o.i8odE4o!l 

O.2AO0E4O1 

0.3000E+01 

0.3600E401 

“DT 52 ffffr+BX 

0.A800E401 

O.5AO0E4O1 


«R=0.2900E402«R= 
n 0.15A6E40A n 0 
n 0.1SA6E+09 n o 
^0.1556E+04_» 0 
'n d";i546E*CI4 » 0 
n Q.1546E404 n 0 
n 0.1546E-»a4 » 0 
« 0.15A6E404 n 0 
l»~r.l5556E4lJ4- ¥'G, 
a 0.1546E404 n 0. 
« 0.1S46E404 » 0. 


STRESS-T 

:0.3000E402«s0.307SE402 SRs0.2900E402t«Rs0.3000E402»R: 
t.l43lE+04 n 0.1343E404 » -.7377E403 n -.6706E403 « • 
I.1431E+04 n 0.1343E404 » -.7377E*03 » -.6706E403 » ■ 
,1431E404 « 0.1343E404 * -.7377E403 n -.6706E403 K - 
,143IE*04 * 0.I343E404 « -.7377E403 -.6706E403 « - 
.1431E409 * 0.1343E404 » -.7377E403 n -.6706E+03 » - 
.1431E+0* » 0.1343E40* « -.7577E403 » -.6706E403 * • 
.1431E404 * O.I3A3E404 * -.7377E4Q3 * -.6706E403 * - 
.T431E404 «■ 0:1343E404 « -.7377E4Q3 « -.6706E403 » - 
•1431E404 » 0.1343E404 « -.7377E403 a -.6706E403 » « 
•1431E404 n 0.1343E404 n -.7377E403 n -.6706E403 » - 


0.3075E402 

.819AE403 

.6X94E403 

.619AE403 

.6194E+03 

.6194E403 

.6194E+03 

.6194E403 

•6194E403 

.619AE403 

.6194E403 


«R=0.£900E4d£«R= 
» 0.1102E404 « 0 
a 0.1102E404 » 0 
« 0.I102E404 n 0 
» 0.U02E404 * 0 
n 0.U02E404 » 0 
n 0.U02E404 n 0 
n 0.U02E404 » 0 

* 0-1102E404 » 0 

* O.I102E404 « 0 
» 0.1102E404 n 0 


SHEAR-Xr 
0.3000E402MRS 
.U02E+04 » 0 
.11Q2E404 n 0 
.1102E404 « 0 
.1102E404 » D 
.U02E404 » 0 
.U02E404 n 0 
.1102E404 n 0 
.U02E4Q4 n 0 
.U02E4Q4 n 0 
.1102E404 » 0 


0.307SE402 

.1101E404 

.1I01E404 

.U01E404 

.1X01E404 

.1101E404 

.1101E404 

.1101E404 

.1101E404 

.U0IE404 

.U01E404 





■* 


0.6250E+01 

0.7£50E401 

o.easoE+oi 

O. 9250E+01 

P. 1000E402 


K 

« 

« 


0.1546E404 

0.15A6E404 

0.1546E404 

0.1546E+04 

0.1546E>04 


» 0.1431E+04 « 0.13^^3E♦0'i 

* 6.1<i31E+0<i * 0.i3Ci3E+04 

* 0.^<^31E + 0«f « 0.13<t3E+0^ 

* 0.1^31E+0^ K 0.1393E+0^ 

* 0.1^31E*0<» » 0.13^3E+Ci 


* -.7377E+03 
» -.7377E+03 

* -.7377E+03 
» -.7377E+03 
« -.7377E+03 


« -.6706E+03 
« -.6706E+03 
* -.6706E+03 
» -.6706E403 
« -.6706E+03 


» -.6194E+03 
» -,6194E*03 

* -.619'iE+03 

* -.6199E+03 
*f -.6194E+03 


* O.U02E409 
« 0.1102E+09 
« O.U02E409 

* O.1102E409 
» 0.11C2E40<i 


» 0.1102E40'i 
« 0.1102E404 
* 0.1102B+04 
^ 0.1102E409 
« 0.I1O2E409 


• 0.11C1E40« 
^ O.U01E<CI^ 

* O.llOlE+04 
» O.U01E404 
H 0.1101E404 


TIHE=0.293143E-03 SEC . 

DISPLACEHENTS AND BENDING STRESSES VS. RADIAL STATION 


„ DISPLACEMENTS _ RADIAL BENDING STRESS 

R IN-PLANE aUT-OF-PLANE«w«LED-BOG CHD-FNT 

0.27000E402 O.X1612E-01 -.27797E-01 «* -.27163E4Q9 -.27X63E409 

0.28000E402 0.39131E-02 -.25232E-0I »» -.29721E409 -.29721E409 

0.290Q0E+O2 0.621‘+5E-02 . , -.22768E-0X -.2XS62E409 -.21562E+09 

0.30000E+02 0.35I59E-02 “.20253E-0X »» -.X9576E409 -.X9576E+09 

0.30750E402 0.1A920E-02 -.13367E-0X -.X8O53E409 -.180S8E+09 

0.31750E402 -.X2066E-02 -.15S52E-01 «» -.139D0E404 -.13900E4Q9 

O, 32750E4p2.. -.59P51E-P2. . _ -,.X3337£-PX »» -,687A5E403 -.e8795E403 

P. 33750E402 -.66037E-02 -.X0e22E-01 «» -.46999E403 -.A6999E403 


TRL-EDG 

-.27163E40A 

-.29721E409 

-.2IS62E409 

-.X9S76E404 

-.X6058E404 

-.13900E409 

-.887A5E+03 

-.96949E+03 


DISPLACEMENTS VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


..... ... X 

IN-PLAWE 

CUT-Or-PLAHE 

0.0 

0.39496E-0i 

-.87X65E-0X 

0.60000E40Q 

0.35640E-01 

-.60366E-O1 

0.X2O00E40X 

0.3X223E-0X 

•'.7A779E-01 

... - 0.1800QE401 

._. 0.26605E-0X 

-.63X9XE-0X 

0.24000E40X 

0.2X987E-01 

-.S4604E-0X 

0.30000E40X 

0.17369E-01 

-.46016E-0X 

0.36000E401 

0.12751E-01 

-.37428E-0X 

..... 0.42000E401 

0.81337E-02 

-.2e84XE-01 

0.46000E40X 

0.35159E-02 

-.20253E-01 

0.54000E401 

-.1X019E-02 

-.11665E-GX 

P.6250DE401 

-.76437E-02 

0.50079E-03 

... .. 0.72500E40X 

-.15340E-01 

0.X4814E-01 

0.82500E40X 

-.23036E-OX 

0.29127E-01 

0.92500E401 

-.30733E-Q1 

0.43439E-01 

O.1DOO0E4O2 

-.37467E-01 

0.55963E-01 


STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


X «R= 
0 ._0 „ *1. ® 
O.6d0DE4Ob"t» o' 
0.1200E4P1 K 0 
0.1600E40X » 0 
0.24POE401 « 0 

TrJdtfOETOl'Ti 0 
0.3600E401 * 0 
0.A200E401 * 0 


0.2900E402«R= 
.A515E40<i_« 0 
.■■^SlBEiciA « 
.'♦51SE409 
.45X5E409 M 
.95X5E404 « 
.'45I5E404:# 
.9515E404 » 
.95X5E40A 


STRESS-X 
0.3000E402ttRs 
.9175E+0A « 0 
.4i'7SE4p<i: 
.4X75E404 
.4I75E404 
.9175E404 
,4175E404 
.4175E404 
.AX7SE409 


w - 


0.3075E402 «H 
.3917E+09 * 
.3917E404 
-3917E404 » 
.3917E40A * 
.39X7E+0<i « 
.3917E404 n 
.3917E409 « 
.3917E409 « 


0.2900E402MR 
.2156E404 * 
.2156E404 * 
.2X56E404 
.2X55E404 
.2156E404 
.2156E404 
.2156E404 
.2X56E404 


STRESS-Y 
:0.3000E402MR 
>.1958E404 » 
•.1958E404 w 
•.1958E404 * 
•.19S8E404 « 
•.195SE404 N 
'.195dE404 K 
■.195SE404 * • 
-.1958E404 n - 


;0.3075E402 

'.IS08E4O4 

.I806E4O9 

.1606E404 

.1806E404 

.1806E404 

.1806E+04 

.ia06E404 

.ia06E404 


SHEAR-XY 

«RsO.2900E402«R=0.30b0E4P2«R= 
0.3103E404 » 0.3X03E404 » Q 
K 0.3103E409 » 0.3103E404 « 

« 0.3i03E404 « 0.3103E404 » 

* 0.31D3E404 « 0.3X03E409 » 

M 0.3103E404 » 0.3X03E404 » 
0.3103E4fl4"it"0.3103E4O4 ft 
» 0.3103E404 0.3103E404 » 


0.3103E404 K 0.3103E404 


0.3075E402 

.3102E404 

.3102E404 

.3102E404 

.3102E404 

.3102E4O4 

.31P2E404 

.31Q2E404 

.3102E4P4 



0.4dOOE^01 

0.5400E401" 

0.6250E401 

0.72SOE+01 

.fl.$gSO.E+01 

0.9250E40i 

0,1000E402 


* 0.4515E404,« 
» 0.45X5EV64' 'i' 
« 0.45I5E404 » 

0.4515E404 « 
_« 0.<iSlSE+04_» 

* 0.4515E404 
0.<)515E404 « 


0,5i75J+0<i « 
6.^17SE+04» 
0.cil75E+04 » 
0.4175E+04 » 
9.,4175E+04 » 
0.417SE+o4 » 
0.4I75E404 « 


0.3917E+04 

0.3917E404 

0.3917E+04 

Q.3917E+04 

0.5917E404 

0.3917E+04 

0.3917E+04 


.2156E4Q4 « 
.2I56E404 « 
.2156E404 « 
.2I56E+04 « 
.2I56E404 H 
.2156E404 « 
.2I56E404 » 


-.X958E404 » 
-.1958E404 » 
-.1958E404 H 
•.I953E404 » 
■.19S8E404 4 
•.19S8E+04 » 
-.1958E+04 » 


.X606E404 

.X606E404 

.X806E404 

.X806E404 

.1806E404 

.1806E404 

.1806E404 


TIHE=0.504719E-03 SEC 


0.3103E404 » 
0.3103E4Q4 X 
0.3X03E404 « 
0.3X03E404 « 
0.3103E404 tf 
O.3XO3E404 « 
0.3103E404 « 


.3103E404 » 
3103E404 « 
3103E404 H 
3103E404 « 
3I03E404 « 
3103E404 H 
3103E404 » 


.3I02E404 

.3102E404 

.3I02E404 

.3X02E404 

.3X02E404 

.3X02E404 

.3X02E404 




DISPLACEMENTS RADIAL 

in-plane out-of-plane«»«led-ede 

..Oj 57.0.O.OE4OS P...47263E-01 “:.98679E-0I *f» -.99224E404 

0-38X98E-01 -.90341E-OX -.88456E+04 

0.29000E402 0.29X32E-OI -.82003E-OX «» -.76535E404 

0.80067E-OX -.73664B-0X «« -.69043E404 

■ — 0.-tlA266E-O.l.,. — -..v874U0-O.l., iHf -,633X4E+04 

0.42026E-02 -.S9073E-01 -.45733E404 - 

0.32750E402 -.48626E-02 -.50735E-01 -.28672E404 

0.33750E402 -.1392SE-0X ~.42396E-0l -iimoLo^ 


BENDING STRESS 

CHO-PNT 

-,99224E+04 

-.68456E409 

-.76535E+04 

-.69043E+04 

-.633I4E404 

-.45733E404 

-.28672E404 

-.12980E404 


TRL-EDG 

-.99224E+04 

-.a6456E+04 

-.76S3SE+04 

-.69043E404 

-.63314E4G4 

-.45733E+04 

-.28672E404 

-.12980E404 





S ' 

> 


— D1SPUCEMENTS..ANO BENDING STRESSES.VS.. RADIAL STATION 


I 

hJ 

M 

o^ 

i 


DISPLACEMENTS VS. CHORDWISE LOCATION 
_ AT IMPACT RADIUS 


X 

0.0 

.-Or6QOOOE400 

0.12000E40X 

0.18000E401 

0.24000E401 

.0.30000E401 

0.36000E401 

0.42000E401 

0.48000E401 

0.54000E401 

0.62500E401 

0.72500E401 

0.82500E40I 

0.92500E401 

O.XOOOOE402 


IN-PLAHH 
0.X27O7E4O0 
_ 0.11619E400 
0.1O246E4OO 
0.8B729E-0X 
0.74997E-01 
0.61264E-01 
0.47532E-01 
0.33799E-01 
0.20067E-01 
0.63345E-02 
-.13X20E-01 
-.36007E-0X 
-.56894E-01 
-.6X782E-0X 
■'.X0I8XE40G 


OUT-OF-PLANE 

-.2720IE400 

-.25186E400 

--22640E400 

-.20095E400 

-.17549E+00 

-.15003E400 

-.X2456E400 

-.99121E-01 

-.73664E-0i 

..-.48208E-01 

-.12145E-01 

0.30283E-01 

0.727UE-01 

O.1X514E40O 

0.15226E400 


STRESSES VS. CHDRDMISE LOCATION 
AT IMPACT RADIUS 


STRESS-X 

X *R=0.2900E402«fR=6.’3Cb0E4'62MR=Ci.3075E402 «Rs 
0*0 * 0.X577E4C5 * 0.1453E405 « 0.X358H4O5 « • 

0.6000B400 * 0.1577E405 * 0.1453E405 « 0.I358B40S 
O.I200E+OX « 0.1577E+05 » 0.1453E405 » 0.1358E405 
■e:rSOffETCI -S- o;1577E'4TJ5- M • ff.X4B3E4tJS # 0 .'i358E405 
0.2400E40X » 0.1577E405 » 0.1453E405 « O.i350E+O5 
0.3000E40I * O.X577E405 » 0.14S3E405 » 0.1358B405 


0.29ObE4O2«R 
.7654E404 a ■ 
•76B4E404 
.76S4E+04 
.7654E404 
.7654E404 
.7654E404 


STRESS-Y 
0.3000E+b2«R: 
.6904E404 » • 
.6904E404 M . 
.6904E4C4 « - 
.6904E4Q4 » • 
.6904E404 tf - 
.6904E4Q4 - 


SHEAH-XY 

0.3O75E+O2 »R=0.2900E4-02«Rs0.30QOE402i*R=0.3075E+02 
.6331E40<» h 0.8916E404 » 0.89I5E+04 » 0.8913E404 
.6331E4G4 * 0.8916E404 * 0.8915E+04 * 0.89I3E404 
.6331E+04 » 0.69X6E+04 » 0.89X5E+04 » 0.69X3E404 
.6331E404 » 0.89X6E404 * 0.8915E404 * 0.8913E404 
.6331E404 » 0.8916E404 a 0.8915E+04 » O.S9I3E404 
• 6331E+04 it 0.8916E404 » 0.8915E404 * 0.8913E404 





0.3fOOE+W 

b.«f?>ubE+oi 

0.43t/OE*01 

O. 5400Ef01 

P. 6250E401 

0.7S56e40X 

0.8S50E40X 

0.9250E401 

.o.ioppg+02 


* 0.1577E+05 « 
*» 0.i577E405 * 
» 0.1577E+05 « 
« 0.2S77E+05 * 
» 0.1577E+0S « 
» 0.1577E+0S « 

* 0.1577E*05 
O.X577E+05 » 

J»..P-*.1571g+05 


0.1<»53E*05 

0.14S3E+05 

O.I453E405 

0.1453E+05 

0,1453E+05 

0.1A53E405 

0.1453E4-05 

O. 1453Ef05 » 

P. .W53E*05_» 


0.1358E+05 » 

0li356E+05 ' * 
0.125BE405 » 

0.13582405 « 
0.1358E405 * 
0.1356E405 « 
0.1353E405 » 
0.1356E405 « 
,P.a358E+05 * 


■•7654E+04 « “.6904E404 * -.6331E404 
'.76S4E404 » T.6904E+04 * -,633iE+04 
'.7654E404 * -.6904E+04 » -.6331E+04 
•.76S4E+04 » -.6904E+04 * -.6331E+04 
.76S4E+04 ».r.6904E+04 H -.6331E+04 
.7654E404 « -.6904E+04 * -.BSSIE+O^ 
•7654E404 « -.6904E+04 » -.6331E+04 
.76542*04 « -.6904E+04 « -.6331E+04 
.,7654E404...*‘.-.69(J4E+.04,i«..-..633aEt04 


0.S916E+04 « 0.8915E404 • 
0.6916E404 0.8915E404 « 

» 0.8916E+04 « 0.8915E404 » 
» 0.8916E+04 * 0.891SE+04 * 
» 0.3916E404 » 0.6915E+04 » 

* 0.8916E+04 H 0.8915E+04 » 
^ 0.6916E404 a 0.B915E404 » 

* 0.8916E+04 « 0.8915E+D4 » 
.*.0.8916E404.»J),8915E404 * 


0.6913E404 

0.8913E404 

0.8913E404 

0.6913E404 

0.8913E404 

0.8913E404 

0.S913E+04 

O. S913E404 

P. 8913E+04 


TIHE=0,548717E-03...SEC.. 


DISPUCEMEHTS AND BENOIHB STRESSES VS. RADIAL STATION 


DISPLACEMENTS RADIAL 

R IN-PLANE ODT-OF-PLANE«»*LED-EDG 

0.27000E+02 0.S89O3B-O1 -.11976E+00 «« -.12111E+05 

0.28000E+02 0.48052E-01 -.10980E+00 -.10753E+05 

O.,29pp0E+p2. __ 0,37201E-01 -,,99841ErO.J,, -»92890E+04 

0.30000E+02 0.26350E-01 -*.898S2E-oi *» -.83690E+O4 

0.30750E+02 0.18211E-01 -.82413E-01 -.76655E404 

0.31750E+02 0.73602E-02 -.72454E-0X -.S5066E+04 

_0..32750.E4a2 :i.34?09I-P2 .-.62495E-Q1 -.34119E4Q4 

O.337SDE402 -.14342E-01 -.52536E-01 »» -.14868E+04 


BENDING STRESS 

CHD-FNT 

-.12111E405 

-.10753E405 

~..9289OE*04 

-.8369OE404 

-.76655E404 

-.55066E404 

-.34U9E404 

-.1486SE404 


TRL-EOG 

-.18111E405 

“.10753E405 

-.9Z890E404 

-.83690E4O4 

-.766S5E404 

-.55066E404 

-. 34U9E404 

-.14868E404 


i 

s 


I 

N3 

I 


DISPLACEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 




,, IN-PLANE 

.. OUT-OF-PLAHE 




0.0 

0.15110E400 

-.32096E400 


— • - - 

.. 

0.6000DE400 

0.13342E400 

-.29748E4O0 




0.1200DE401 

0.12241E400 

-.26783E400 




O.ia0OOE4Ol 

0.1064QE400 

-.23SI7E400 




0.24000E401 

0.90391E-01 

-.20851E400 



- - 

0.30000E401 

0.74381E-01 

-.17885E400 




0.36000E401 

0.58371E-01 

-.14920E400 




0.42000E401 

0.42360E-01 

-.U9S4E400 




0.48000E401 

0.26350E-01 

-.898S2E-01 




0.5400QE401 

0.10339E-01 

-.60225E-01 




0.62500E401 

-.12342E-01 

-.18210E-01 




0.72500E401 

- .39026E-01 

0.31219E-01 




0.82500E401 

-.65710E-01 

0.80648E-01 ■■ ’ ■ * ' 


. . 

- . . 

0.92500E401 

-.92394E-01 

0.13006E400 




0.10000E402 

-.11S74E400 

O.I7333E400 




STRESSES VS. CHORDMISE 

LOCATION 



So 

AT 

IMPACT RADIUS 

- ^ 





0.0 

■ff.’6DffeE*0'0' 

0.1200E401 

0.1800E401 


ST??ESS*5C 

«=0 2|OOE.02.R=o!3000e1oE«= 0.3075E.02 .R=0.E,0OE.0E«=o"3SoiEloE.R=0.3a75E.0E 



I 

N 3 

to 

00 

I 


9.S400E+01 
"6.3odbE+oi 
0.3600E«01 
0.4S0OEtOl 
.. P .^ dOOE-fOl 
0 . 5 < 400 E+bi 
0.6250E401 
0.7250E+01 

0.9250E401 

0.1000E402 


5 0.190SE405 n 0 
»’ C.i9O8E+b5’»'0 
» 0.190QE+05 N 0 
« 0.1906E405 «t 0 
.^0.1908E+05_» 0 
» d.i908E+b5 » 0 
» 0.I90BE405 n Q 
» 0.I90BE405 « 0. 
iL . 9 ,.,. l 50 SE 40 , 5 ._»f 0 ., 
* 0.190eE405 w 0. 
» 0.1908E405 0. 


.I7S6E405 
.1756E405 
.1756E4Q5 
.I756E405 
.17S6E405 
.1756E405 
.1756E405 
175&E405 
A 756 E 4 P 5 . 
1756E4Q5 w 0. 
1756E405 « 0. 


.1641E40S 
.1641E405 
.16<(1E465 
.1641E405 
1691E405 
169IE405 
1641E405 
1641E405 

16<>.JE405 » 

164IE405 it 
16<»1E405 a 


-.9289E40<i 

-.9239E404 

-.9289E409 

-.9289E404 

-. 9289 E 40 i * 

-.9269E409 

-.9289E404 

-.9289E409 

-,928?E4I3<^ « 
'.9289E404 4f 
-.9289E404 


-.8369E404 * 
“.8369E404 * 
-.8369E404 a 
-.B369E404 * 
-.8369E404 » 
-.8369E404 » 
-.8369E409 » ■ 
-.8369E404 ’ 

-,8369E484 *f . 
“.8369E404 » ■ 
-.8369E404 it • 


.7666E404 

.7666E404 

.7666E404 

.7666E404 

.7666E409 

.7666E404 

.7666E404 

.7666E404 

.76B6E404 

.7666E404 

7666E404 


0.1031E40S 

0.1031E405 

0.1031E405 

0.1031E405 

0.1031E405 

0.1031E405 

0.1031E4Q5 

0.1031E405 

0.1031E405 

0.1031E405 

0.1031E405 


.I030E405 « 
.1030E405 « 
.103QE40E it 
-1030E405 it 
1O3OE405 * 
1030E405 « 
1030E405 » 
1030E405 « 
1030E405 » 
1030E40E it 
1030E405 it 


TIME=0.7a9fl89E-03 SEC 


. Q...$7000f402 
0.28b0QE402" 
0.29000E402 
0.30000E402 
J.30750E402 


0.317S0C402 

0.32750E402 

0.33750E402 


-._.RISPLACEHENTS AND BENDING STOESSES VS. RADIAL STATION. 


IN-PLANE^^^'^^^miS^nr ». RADIAL BENDING STRESS 
IN-PLANE OUT-OF-PLANEitititLED-EDG CHD-PNT 

. ~t.22.3.|^lEiQ0., ifjf, 23048B4O5 - . 23098E405 
-.20606E400 -.2018iE405' -.20181E405' 
-.18872E400 iw -.17342E405 -.17392E405 

0 49B2fiF nt ** -.15557S405 -.15557E405 
-Ss5.2226E-j)l _r_».15937E.40O itit -.14192E40S 

S 10003E405 
0.H575E-01 -.22368E400 if* -.S9414E404 
-.74008E-02 -.10633E400 »» -.22I67E404 


. 8,12069E40Q 
o .: oi 7 iE 4 ob ‘ 
0.82737E-01 
0.63761E-01 


TRL-EOG 

-.23048E405 

-.20181E40S 

-.17342E405 

-.15S57E405 


.-.Ifil92E4g5 -.14192E405 

-.10003E405 -.10003E40S 
-.59414E404 -.S9414E404 
-.22167E404 -.22167E4C4 


DISPLACEMENTS VS. CHQBDWlSE LOCATION 
..AT...IMPACT RADIUS . 


X 

0.0 

0.60000E400 

0.12000E401 

0.18000E401 

0.24000E401 

P.30000E401 

0.36000E401 

0.42000E401 

0.48000E401 

O.S4000E401 

0.625d0E40I 

0.72500E401 

0.82500E401 

0.92500E401 

0.10000E402 


IN-PLANE 

0.262S8E4O0 

0.24247E400 

0.21694E400 

0.I9141E400 

0.16588E400 

.0.1403SE400 

O.U982E400 

0.89290E-01 

0.63761E-01 

0.38231E-01 

0.20643E-02 

-.40985E-01 

-.83039E-01 

-.12558E400 

-.16291E400 


OUT-OF-PLANE 

-.53988E4C0 

-.50153E400 

-.45437E400 

-.40720E400 

-.36004E400 

...-.31287E400 

-.2657IE400 

-.2X954E400 

-.17137E400 

-.12421E400 

-.57390E-01 

0.21220E-01 

0.99830E-01 

0.17894E400 

0,24722E400 


STRESSES VS. CHORDWISE LOCATION ' * * ' - 

AT IMPACT RADIUS 

STPBSS X 

O.«0OOE*OO « 0.352.E.0S . 0.3E36E.05 . «.3017E*d5 . -iirz.E.OB * ^ J J 


0.1030E405 

0.1030E405 

0.1030E405 

0.1030E405 

0.1030E405 

0.1030E405 

0.1030E40S 

0.1030E405 

0.1030E405 

0.1030E405 

0.1030E405 


1.3075E402 
1586E405 
1586 E40S 


229 - 





>... P*i20pE+0i « 0.3524E+05 » 0.3236E+05 * 0.3017E+05 » -.173^E+0S 
D.iaOOE+01 * 0.3524E+05 » 0.32366+05 « 0.30176+05 ' k' -. 1734E+0S « 
0.2400E+01 * 0.3524E+05 » 0.3236E+05 » 0.3017E+05 » -.1734E+05 » 

0.300DE+01 » 0.3524E+05 « 0.3236E+05 » 0.3017E+05 * -.1734E+05 * 

.. p.3600E+pl ». 0.3S24E+0S « 0.3236E+05 » 0.3017E+05 « - 1734E+05 « 

0.4200E+01 * 0.552AE+05 « 0.3236E+05 « 0.3017E+OS » - 173«tE+05 » 

0.4800E+01 « O.3S24E+05 » 0.3236E+05 » 0.3017E+05 » - 1734E+05 » 

O.S400E+01 « 0.3S24E+0S » 0.3236E+05 «♦ 0.3017E+05 » -.1734E+0B » 

..._.0.6mElQl,O...JS24^ 5.3236E+05 « 0,301?E+OS » -,1734E+05 « 

0.7250E+01 » 0.3524E+05 » 0.3236E+05 0.3017E+05 * -.1734E+0S V 

0.82S0E+01 a 0.3524E+05 « O.3236E+0S » 0.30I7E+05 » - 1734E+05 * 

0.9250E+01 * 0.3524E+05 ^ O.3236E+0S « 0.3017E+05 « - 1734E+05 * 

..... O,,J000E+J)2..» 0..3584E+05. »».O..a236E+05 « 0..3017E+05 » -.1734E+0S n 


-.15S6E+05 » -.1419E+05 » 0.1586E+05 * 0.1586E+05 » 0.1S86E+05 
-.1S56E+05 » -.1419E+0S « 0.1S86E+0S « 0.1586E+05 • 0.1586E+C5 
~.1556E+0S *t -.1419E+05 » 0.1586E+05 « 0.1586E+05 » 0.1586E+05 
-.1556E+05 * -.1419E+05 * 0.15S6E+05 M 0.1566E+0S *» 0.1566E+OS 
-.1556E+05 » -.I419E+Q5 * 0.1586E+05 » 0.1586E+05 » 0.1566E+05 
-.15S6E+05 » -.1419E+Q5 « 0.1586E+05 * 0.1586E+05 * 0.1586E+05 
-.15B6E+05 -.1419E+05 » 0.1586E+05 » 0.1386E+05 * 0.15866+^05 
-.1556E+05 * -.1419E+05 » 0.15866+05 » 0.1585E+05 « 0. 15866+05 
..r.lS56E+05 14196+05 0.1586E+05 « 0,i586E+OS » 0.15866+05 
-.1556E+05 -.1419E+05 « 0.1S86E+05 « 0. 15866+05 » 0.1S86E+0S 
-.15S6E+05 » -.1419E+05 » 0,1S86E+05 » 0.1586E+05 » 0.1586E+05 
-.1S56E+05 » -.1419E+05 » 0.1586E+05 « 0.15S6E+05 « 0.15S6E+05 
.-,1556Et05 .n .?.1419E+05... « 0«1586E+0S..» 0.1586E+05 » 0.15B6E+05 


T1ME=0. 6733016-03 SEC 

DISPUCEMENTS AND BENDING STRESSES VS. RADIAL STATION 


R 

O.270OOE+O2 

9.26008C+02 

t.ZfOOOE+pE 

O.S9006ii«Q2' 

9.39759E+02 

0.317506+02 

Jt.«7^t5+fi^ 

9.53^6+02 


bisPLACEHENTS VS. CKORDMISE LOCATION' 
AT IMPACT RADIUS 


. - DISPUCEMEMTS _ _ RADIAL BENDING STRESS 

IN-PLANE OUT-OF-PLANE«»*LED-nDG CHD-PNT TRL-EDG 

0.19245E+90 -.33549E+00 •» -.352056+05 -.35205B+05 -.35205E+05 

0.1659K+00 -.31118E+00 «« -.30595E+0S -.3059SE+05 -.30595E+05 

, «.rl.3.?41E*0p ji.2S687EtOO »1». -.26230E + 05 ......26230E+05 -.26230E+05 

0.11289E+00 -.26256E+00 -.23436E+0S -.234856+05 -.23436E+05 

9.92993E-01 -,24433E+iO -.21338E+05 -.213a8E+05 -.213386+05 

0.664716-01 -.22002E+00 *h» -.14946E+05 -.14946E+05 -.14946E+05 

fi.r3??49E-§jJ _ -,,l9S7gE+0.9 «« -.67017E+84 -.87017E+04 -.6701^+04 

9.13426E-01 -.171416+00 «» -.29708E+O4 -.29768E+04 -.29768E+04 


X 

6.6 

0.60000E+00 

0.12000E+01 

0.18000E+01 

0.24000E+01 

0.30000E+01 

0.36000E+01 

0.420006+01 

0.480006+01 

0.54000E+01 

0.62500E+01 

0.7Z500E+01 

0.62500E+01 

0.92500E+01 

O.lOOOOE+02 


IN-PLANE 

0.38I04E+00 

0.35379E+00 

0.3193SE+00 

0.28496E+00 

0.25055E+00 

0.21613E+00 

0.18172E+00 

0.147306+00 

0.11289E+OQ 

O.78470E-O1 

0.297i6E-0i 

-.27643E-01 

-.85001E-01 

-.14236E+00 

-.1925SE+00 


OUT-OF-PLANE 
-.7S76DE+00 
-.707306+00 
-.643776+00 
-.580236+00 
-.51670E+00 
-.4S316E+00 
-.339636+00 
-.32610E+00 
-.262566+00 
-.199036+00 
-.109026+00 
-.313216-02 
d.i0276E+00 
0. 208656+00 
0.30130E+00 


STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


f 

.3 fe? 




X 


STRESS-X 

i«R=0,2900E+02»R=0.3000E+02«R=0.3075E+02 


STRESS-Y SHEAR-XY 

*R-0 . 2900E+02'<R=0 . 3000E+02«H=0 . 30756+02 *R=0 . 2900E+02«R=0 . 3000E+02»H?=0 . 3075E+02 


0.0 

o.e<oooE^o6 

0.1200E401 

o.iaooEtoi 

„,p.g400E+01 

o.soooEtdi 

0.3600E401 

0.<4£00E+01 

...Q.vfi,6,QjiE+.Ql, 

0.5400E4^01 

0.6250E401 

0.7250E+01 

0..8250E+01. 

0.9250Em 

0.1000E402 


0.52S7B+05 
b.S2S7E*05' 
0.5257E+05 
0.5257E405 
0_.S257E+05 
0.5257E405 
0.5257E+05 
0.5257E405 
.Q,.5257EtPft. 
0.5257E»05 
0.5257E+05 
0.5257E405 
« .0..5857E+05,. 
* 0.5257E+05 
» 0.52S7E405 


.» jp.<i62OE+05 * 0 
» 0.4e26E+05'« 0 
0.4820E405 « 0 
» 0.4d20E+05 « 0 

* 0.4Q20E+05 « 0 
K 0.4820E405 « 0 
« 0.43202*05 » 0. 

* 0.4820E*05 « 0. 
l-5j,fte2QE+05.J« 0, 
« 0.4620E*05 w 0. 

* 0.4820E+OS 0. 

» 0.4820E*CI5 » 0. 
«_0..&a20E*D5 * 0. 
» 0.4320E+05 « 0. 
H 0.4320E*05 » 0. 


.44862*05 

.4488E+b5 

.4468E*05 

.4468E+05 

.4468E+05 

.4486E*05 

.4488E*0S 

.4488E405 

.44.e8E+05„ 

.4486E*05 

.4488E*05 

.4488E*05 

4438E+Q5.., 

4488E*05 

4488E*05 


. «.-.2623E+05 » 

-.2349E*05 * -.2139E*05 


* -.2623E405 « 

-.23492*05 » -.2139E+05 


* -.2623E+05 « 

-.23492*05 » -.2139E+05 

» 

« 26232+05 w 

-.23492*05 » -.2139E+05 


» -.2623E405 » 

r.2349F*05 » -.2139E+05 

a 

» -.2623E+05 » 

-.2349E*05 » -.2139E405 


^ -.2623E+0S w 

-.2349E+05 « -.2139E+05 


* -.2623E+05 *f 

-.2349E*05 * -.2139E+05 

H 

«,-.2623E*05 » 

-.23492*05 *t -.2139E+05 


» -.2623E+05 « 

-.2349E*05 « -.2139E405 

« 

^ -.2623E+05 » 

-.23492*05 » -.2139E+05 

H 

« -.2623E*05 « 

-.2349E+05 * -.2139E+05 

M 

« -.2623E+05 * 

-.23492+05 .» T.2139E+0S 

H 

* -.2623E+05 « 

-.2349E+05 * -.2139E+0S 


» -.2623E*05 * 

-.25492*05 » -.21392+05 



0.2090E+05 M 0.2090E+05 » 0.2090E+aS 
0.2090E405 *» 0.2090E+05 # 0.2090E+05 
0.2090E+05 * 0.2090E+05 # 0.2090E+05 
0.2090E+05 * 0.2090E+05 » 0.2090E405 
0.2090E+05 » 0.2090E+05 » 0.2090E+OS 
0.2090E+05 H 0.2090E+05 H 0.2090E+05 
0.2090E+05 * 0.2090E+05 « 0.2090E*05 
0.2090E+05 « 0.2090E405 » 0.2090E+OS 
0.2090E+05,** 0.2090E+05 ** 0.2090E+05,, 
0.2090E+05 * 0.2090E*05 * 0.2090E+0S 
0.2090E+OS ** D.2090E+05 * 0.2090E+05 
O.2090E+0S » 0.2090E+05 « 0.2090E+05 
0.2090E405,** 0.2090E4O5 » 0.2090E4QS 
0.2090E405 « 0.2090E405 » 0.2090E405 
0.2090E405 * 0.2090E405 » 0,2090E+0S 


I 

N3 

CO 

0 

1 


_0,.27ci00E45g 

o.2abbbE402 

0.29000E402 

0.30000E402 

_0.3075OE+0g 

0.317SbE402 

0.32750E402 

0.33750E402 


TlH£=0.970919E-03 SEC 

_DISPLACEHBm5 AND.. BENDINS STRESSES VS. RADIAL STATION 


^ISPUCEhENTS RADIAL BENDING STRESS 

IN-PLANE OUT-OF-PLANE**»WLEO-EDG CHD-FNT 

>0....g‘t.OS6B,40Q_ 408075.400, W.1.-.43256E405 -.43256E405 

0.20970E400 -.379S7E400 *<« -.37S20E405 -.37520E*05 

0.17913E400 -.35168E400 »» -.32166E+05 -.32166E405 

-.32349E400 «« -.28800E40S -.28600E405 

- — -‘’50234E400 -.26227E405 .. -.26227E405 

0.9S091E-01 -.2741SE400 »» -.18326E405 -.18326E+05 

0.64530E-01 -.24596E400 «» -.10665E405 -.10665E*05 

0.33969E-01 -.21777E+D0 -.36422E404 -.36422E+04 


TRL-EDG 

-.43256E405 

-.37520E40S 

-.32166E405 

-.28800E40S 

-.26227E405 

-.18326E+05 

-.10665E405 

-.36422E+04 


DISPLACEMENTS VS. CHOROMISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

0.60000E4QO 

0.I2000E401 

0.18000E4D1 

0.240002401 

0.30000E40I 

0.36000E401 

0.42000E401 

0.43000E401 

0.54000E401 

0.62500E401 

0.725002*01 

0.825DOE401 

0.92500E401 

0.100002402 


IN-PLANE 
0.46217E400 
. 0.43031E400 
0.39006E400 
0.34961E400 
0-30957E400 
0.26932E400 
0.22907E400 
0.188B2E400 
0.14857E400 
0.10832E400 
0.51307E-01 
-.1S774E-01 
-.82854E-01 
--14993E400 
~.20863E400 


OLTT-OF-PLANE 
-.90295E400 
.-.84408E400 
-.76971E400 
-.69534E400 
-. 620972400 
''.546602*00 
-.47223E*00 
-.39786E*00 
».32349E*00 
-.24912E*00 
-.14376E*00 
-.19813E-01 
0.104142*00 
0.22809E*00 
Q.33654E*00 


STRESSES VS. CHOBDMISE LOCATION 
AT IMPACT RADIUS 


STRESS-X STRESS-y SHEAR-XY 

X «R=0.2900E-»6c«Rs0.3000E«b2»Rsd.3075E«02 MRs0.2900E«02«R~0.3000E+OSMRs0.3075E->02 «tRs0.2900E-f02tfR=0.3000E+02»R=0.3075E«OE 


0.0 « 0.6376E405 « 0.56^<^E<-05 « 0.5^<)OE40S » -,3217E^05 

0.6000E-»00 K 0.6376E405 » Q.5844E-»05 » 0.5<)<iOE+05 • -.3217E+05 

O.lEOOE-tOl .» 0.6376E-»P3 ** P,584<iE+05 » O.S4<)0E-fO5 « -.3217Er05 

‘0.180bE4bi « 0.6376E+05 * 0.564^iE+05 « O.B'i'iOE+OS » -.3217E+05 

0.2400E+01 « 0.6376E+05 * 0.5844E+05 * 0.5440E+05 » -.3217E+05 

0.3000E401 * 0.6376E40B » 0.5S44Ef05 * 0.5440E405 « -.3217E405 

O..3MO110X..«..5.,,.637.6.E4O5. «...0.5440E405 * -.3217E*05 

0.4200E401 N 0.6376E405 » 0.5844E405 « 0.5440E405 « •>.3217E40S 

0.4800E401 a 0.6376E405 « 0.B844E405 « 0.5440E405 « -.3217E405 

0.5400E401 K 0.6376E405 « 0.5644E405 « 0.5440E405 k -. 3217E405 

0..6250E4.01 » .O.,6376E*OS..*_O.S644E40S * 0.5440E+a5.__ ». r.3217E+05 

0.7250E4'01 « 0.6376E405 « 0.S644E405 « 0.5440E4Q5 » •.3217E405 

0.8250E+Oi * 0.6376E405 * 0.5644E405 » O.S440E+O5 » -.3217E405 

0.9250E401 » 0.6376E4Q5 « 0.5844E405 » 0.5440E405 » -.3217E405 

0.l0.t)OE+0.2...».,0.^.6376Et05 » 0.5644E405.*,„0.,,5440E405 » -.3217E405 


» -.2880E405 


-.2623E405 

ft 

0.2435E405 

ft 

0.2435E4-05 

ft 

0.2435E405 

« -.2880E405 


-.2623E405 

ft 

0.2435E405 

ft 

0.2435E4-05 

ft 

0.2435E405 

» -.2880E405 


-.2623E405 

ft 

0.2435E405 

ft 

0.2435E405 

ft 

0.2435E4aS 

» -.2880E+0S 


-.2623E405 

ft 

0.2435E405 

ft 

0.2435E+05 

ft 

0.2435E405 

» -.2880E405 

» 

-.2&23E405 

ft 

0.2435E405 

ft 

0.2435E4-05 

ft 

0.2435E405 

« -.2630E405 

n 

-.2623E40S 

« 

0.2435E405 

ft 

0.2435E405 ft 

0.2435E405 

- .2880E+05 

» 

-.2623E405_, 

_» 

0.2435E405 

J( 

0.2435Et05 « 

0.2435E40S 

» -.2860E405 

ft 

-.2623E405 

ft 

0.2435E405 

ft 

0.2435E405 

ft 

Q.2435E405 

« -.2880E405 

ft 

-.2623E405 

ft 

0.2435E405 

ft 

0.2435E405 

ft 

0.2435E405 

-.2860E405 

ft 

-.2623E405 

ft 

0.2435E405 

ft 

0.2435E4-05 

ft 

0.2435E405 

H.-.286QE405 

ft 

r.2623E405 

ft 

0.2435E+05 

ft 

0..2435E405 

ft 

0.2435E40S 

« -.2880E405 

ft 

-.2623E405 

ft 

0.2435E405 

ft 

0.2435E+05 » 

0.2435E405 

4f -.2880E405 

ft 

-.2623E405 

ft 

0.2435E405 

ft 

0.2435E405 

ft 

0.2435E405 

* -.2880E+05 

ft 

-.2623E405 

ft 

0.2435E40S 

ft 

0.243SE405 ft 

O.2435E405 

» -.208OE4O5 

ft 

r.2623E405 , 

ft 

0.2435E405 

ft 

0.2435E4-05.» 

0.2435E405.. 


... _... TIME=0.128215E~02 SEC 

DISPUCEMENTS AND BEKDING STRESSES VS. RADIAL STATION 


I 

to 

CO 


_ _ _ !DJ,5PLAC,EhE.KIS-_ RADIAL BENDING STRESS. 

R IN-PLANE OOf-OF-PLANE«»»LeB-EDG CHD-PNT 

0.27eOOE4O2 0.37774E400 -.59590E400 -.67170E405 -.67170E+05 

0.28000E402 Q.34487E400 -.56435E4Q0 MM -.58216E405 -.58218E405 

J)..29000E+02__ 0..,3U60E*PP -.,53?81E*00 ** r.t50I37E405 . -.B0137E+0S 

d.SobobE+Oa b.27853£400 -.50128E400 -.45059E40S -.45059E405 

0.3075tJE402 0,25373E400 -.47760E*00 ♦** -,41174E405 -.41174E405 

0.3175DE402 0.2206dE«60 -.44606E4C0 -.29251E4Q5 -.29251E405 

0.32750E4Q2 C,10739E+p? -.‘tlS!5i€tfi.Q-S»...-:.17674E4.05 . r.l7674E40S 

0.33750E4b2 q.X5452'E'4bo -.38297E*00 «» -.701S9E+04 -.70159E404 


TRL-EDG 

-.67170E405 

-.58216E405 

-.50137E405 

-.45O59E405 

-.41174E405 

-.29251E+05 

-.17674Et05 

-.70I59E404 


DISPLACEMENTS VS. CHORDUISE LOCATION 
AT IMPACT RADIUS 


X 

0.6 

0.60000E400 

0.12000E401 

0.18000E401 

■■'■0.24000E401 

0.30000E40Z 

0.36000E401 

0.42000E401 

0.48000E401 

0.54000E401 

0.62580E401 

0.725DOE401 

■'0.82SOOE401 

0.92500E401 

0.10000E402 


IN-PLANE 

0.69756E400 

0.65496E400 

0.60121E4QO 

0.54743E400 

0.49365E400 

0.43987E400 

0.38609E400 

0.33231E400 

0.27653E40b 

0.22475E400 

O.I4856E400 

0.58930E-01 

-.30702E-01 

-.12033E400 

-.19876E400 


OUT-OF-PLANE 

-.12826E401 

-.12032E401 

-.11029E401 

-.10027E401 

-.90236E400 

-.80210E400 

-.70X82E+00 

-.60154E+00 

‘■-J50126E400 

-.4009BE400 

-.25892E400 

-.91787E-01 

'0.75347E-01 

0.24248E400 

0.38872E400 


STRESSES VS. CHORDMISE LOCATION 


232 ' 


AT IHPACT RADIUS 


0,0 

0 . 600 bE+'ob 

0.1200E+01 

0,1300Ei01 

O.CsO.OE+OjL 

0.3000E+bl 

0.3600E+01 

0.4200E401 

0,A80OE+0i 

0.5AOOE+01 

0.6250E+01 

0.7250E+01 

,,.P.S250E+01 

0.9250E+01 

O.IOOOE+OE 


^ STRESS-X 

*R=0, 2900E40£*R=0.3ooOE402wRs 
0.9079E + OS « 0.8319E405 * fj 
^ 0.9079E405 a 0.8319E+05 » 0 

* 0,9O79E+OS # 0. 63198405 « o 
« 0.9079E405 » 0.8319E405 M 0 
*,0.907 oE 405.« 0,8319E+05 « 0 
« 0.9079E405 * 0.8319E405 » 0 
^ 0.9079E40S * 0,6319E+05 * 0 
« 0.9079E405 M 0.6319E+05 w 0 

* 0.,?079E+05,*f_p.6319E+05 » 0 

* 0.9079E40S M 0.8319E+05 * o’ 
« 0.9O79E405 * 0.8319E405 it 0. 

* 0.9079E4D5 * 0.8319E405 H 0. 
» 0.9079E405 » 0.8319E+05 a 0. 

0.9079E405 « 0.8319E405 * 


H 0.9Q79E+0S H 0.8319E405 * 0.* 


0,3075E+02 »R 
•77A1E405 « 

• 77<ilE40S * 
•7741E405 
.7741E405 
•7741E40S 
. 7741 E 4 05 
.7741E+0S 
7741E405 
7741E405 
7741E40S 
7741E405 
7741 E 4 05 
77418405 
7741E405 
7741E405 


n - 
* - 
* - 
» - 
» - 
44 - 
H - 


=0.2900E402«R: 
.5014E405 *4 - 
.5014E405 44 . 
.5014E405 44 > 
.5014E405 « - 
.50145405 H - 
•5014E405 « - 
.S014E405 44 - 
.5014E405 44 - 
.5014E+05 44 - 
• 5014E405 44 - 
,5014E405 44 _ 
.5014E40S 44 - 

.50;4E405 44 - 

.5014E40S 44 - 
.SD14E+0S 44 - 


STRESS-Y 
!0.3000E40244Rt 
■•4S06E+05 44 - 
.4506E+05 44 - 

• 4506E+OS 44 - 

• 4506E405 44 - 
.9506E+05 44 - 
.«06E+05 44 - 
,A506E*05 44 - 
.A506E+0S 44 - 
.A506E4-05 ,44 
.A506E-405 44 

• A506E+05 44 - 
.A506E4-05 44 _ 

.4S06E+05 44 - 

.A506E+05 44 - 
.4506E+05 44 


•0.307SE+O2 44R= 
••^117E+05 44 0 

■.4117E+05 
.<4ll7E+0S 
.A117E+05 
.A117E+05 
.^ll7E+05 
.^lI7E+05 
.4117E+0S 
.<4ll7E+05 
.<ill7e+05 
.4117E+05 
.4117E+05 
.<»117E+05 
.4117E+05 
.4117E+0S 


44 0. 


0,2900E-4024fR= 
3319E+05 44 0 
• 3319E+05 44 0 
.3319E405 44 
.3319E405 44 
.3319E+05 44 
3319E+05 44 
3319E+05 44 
3319E405 44 
3319Ef05 44 
3319E+05 44 
3319E405 44 
3319E+05 44 
33X9E+05 « 0. 
3319E+0S 44 0 . 
3319E+05 44 0. 


SHEAR-XY 
0.3000E-402KR 
.3319E+0S 44 
,33i9E+05 44 I 
.3319E+05 » I 
.3319E-4Q5 44 
.3319E40S 4f 
.3319E+0S * 
3319E+05 44 
3319E+0S 44 
3319E+05 44 
3319E405 44 
3319E+05 » 
3319E*05 44 
3319E+05 44 
3319E405 44 
3319E+05 44 


TIME=0.183769E-02 SEC 


-OISPLACEHENTS AND BENDING STRESSES VS. .RADIAl. STATION, 


.0.27pg,pE+02 

o.csbooE+ba ' 

0.29000E402 
0. 30000E+02 
...2iJ.?750E+02 

0. 3T750E+02 
0.32750E+02 
0.33750E+02 


m-PUNE"'"*-" W?-CF-PUNE»««l.ED-EOG 

.“.?S9108E+00 4444 -.6950OE+Q5 
-.60576E+00 4444 -.?aS96E+05 
-.620A5E+00 4444 -.69297E405 
-.6351AE+O0 4444 -.63A83E+0S 
.7.?6A6.16E4p.0 4444 -,5903i4E+05 


0.A5261E+00 

0.97267E*66 

0.49273E+00 

O.51279E400 

,0,.S27S3E+00 


0.54789E+bb 

0,S679SE*00 

0.S88O1E+0O 


i-r. 

-.66084E+00 4444 -,4S381E*05 
-.67553E+O0 4444 -.32O39E+0S 
-.69022E+00 4444 -.19A73E405 


-.a950OE+0S 

-.78546E+05 

-.69297E+05 

-.63483E+05 

-.S9034E+D5 

-.4S361E+05 

-.32039E+05 

“.19A73E+0S 


TBL-EDG 

-.89500E+05 

-.76596E+05 

-.69297E+05 

-.63483Ef05 

“.5903AE+0S 

-.A5331E+05 

■-.32039E+05 

-.19<f73E+05 


displacements vs. chordwise location 

AT IMPACT RADIUS 


X 

0.0 

0.60000E+00 

0.12000E-401 

0.18OCOE4O1 

0.2A0O0E+01 

0.30000E+01 

0.36000E+01 

0.92000E+01 

0.t48000E+01 

O.SAOOOE+01 

b.62S00E+Ol 

0.72500E401 

0.82500E-401 

0.92500E+01 

0.10000E4D2 


IM-PLANE 

0.S7154E+00 

0,83509E+00 

0.78905E+00 

0.7^300E+00 

0.69696E-400 

0.65092E-400 

0.60<i87E+00 

0.55883E'»00 

0.51279E+00 

O.A6674E+00 

0.40152E+00 

0.32978E+00 

0.2A809E+00 

0.17130E+00 

0.10A15E+00 


OUT-OF-PLANE 

“.13976E+01 

-.X2752E+01 

-.11838E+01 

-.10929E+01 

-.10009E+01 

-'.909A7E+00 

~.81803E+00 

-•72658E+00 

-.63514E400 

-.5A370E+00 

-.41A15E+00 

-.26175E+00 

-.1093AE+00 

0.43061E-01 

0.1764IE+00 


:0.307SE+02 

).3316E-f05 

I.3318E+05 

I.3318E+05 

'.3318E+05 

.3318E+05 

.3318E4-05 

.3318E-405 

.3316E-I-05 

.3318E+05 

.331SH+05 

.3318E+05 

.3318E+05 

.3318E-405 

3318E4-05 

3318E405 


STRESSES VS. CKORDMISE LOCATIOM 

AT IhPACT RADIUS 


- - - K... 

0.0 '« 0 
0.6000E4^00 « 0 
0.1200E401 W 0 

o?isp.oj+oi * 0 

0.2<ioo'E*di 0 

O.SOOOE'fOl 0 

O. 36QOE401 * 0 

P, 32O0E+.pl * p 
0.A800E401 w 0 
0.5400E+01 « 0. 
0.6250E+OX » 0. 

,..0.72SOE+Ol » 0. 
0.6250E+bi «'o". 
0.9250E+01 « 0. 
O.lOOOE+02 *f 0. 


0. 2900E'f02«P= 
7A73E+0S « d 
7A73E*05 « D 
7 h73E+05 « 0 
7A73E405 » 0 
7A73E40S"« 0 
7A73E+0S « 0 
7^73E*05 h 0. 
7473E+05 « 0. 
7473E+05 a 6. 
7473B+0S » 0. 
7473E+05 » 0. 
7473E*05 * 0. 
7473E*05 W 0 . 
7473E+05 « 0. 
7473E+05 » 0. 


STRESS-X 
0.3000E402MR: 
.685SE4Q5 * 0 
.635SE405 » 
-68S8E405 » 
.6§5eE+p5 * 
.6858E405 ^ 
.6853E405 * 
.6858E405 * 
.6856E405 
.6B58E4d5 
.6858E405 
6858E405 
8858E405 
6858E405 
6658E405 » 0. 
6856E405 # 0. 


0.3075E+02 «R= 
.6391E+0S a - 
•6391E+05 » - 
.6391E405 * - 
,8391E+05_ if ~ 
.6391E+05 "* - 
.639IE405 if - 
6391E+05 »f - 
639aE+05..„» - 
6391E+05 » - 

6391E+05 if - 
6391E405 # - 

6391E+0S » - 
6391E+0S » 
6391E405 if 
6391E+0S if 


0.2900E«02i(R: 
.6930E+05 if > 
.6930E405 if • 
.6930E405 if - 
..6930E4O5 if - 
.6930E+05 if - 
.6930E405 if > 
.6930E-fO3 * - 
..6930E405 if - 
.6930E*05 if - 
.6930E405 # - 
.693DE405 « - 
.6930E405 * - 
.6930E405 it - 
6930E405 * - 
6930E405 if - 


STRESS-Y 
:0.3000E402*!R= 
•.63<i8E405 if - 
•.6346E40S if - 
.63462405 « > 
.6348E405 * - 
.6348E465 if - 
.6346E405 if > 
.6348E405 if - 
.6348E405 if > 
.6348E405 '* - 
.6348E405 if - 
.6348E405 if - 
.6348E405 » - 
.6343E405 w - 
• 634SE405 if — 
.634SE405 if - 


0.307SE402 

.5903E405 

.S903E405 

.5903E405 

•5903E405 

.S903E405 

.S903E405 

.5903E405 

.5903E405 

.5903E40S 

.5903E405 

.5903E405 

.5903E405 

.5903E405 

.5903E+0S 

5903E+05 


«R=0.2900c402«R= 
if 0.3494E405 it 0 
« 0.3494E405 if 0 
» 0.3494E405 it 0 
Jf 0.3494E405 » 0 
if 0.3494E+05 i» 0 
if 0.3494E+05 « 0 
if 0.3494E+05 » 0 
if 0.3494E405 if 0 
if 0.3494E405 if 0, 
if 0.3494E405 » 0. 
if 0.3494E4Q5 if 0. 
if 0.3494E405 if 0. 
if 0.3494E405 if 0. 
if 0.3494E405 » 0. 
if 0.3494E405 if 0. 


SHEAR-XY 
p.3000E402ifR 
.3493Ef05 » 
.3493E405 if 
.3493E405 if 
.3493E405 if I 
.3493E405 if 1 
.3493E4Q5 if I 
.3493E40S if I 
• 3493E405 if 
.3493E4 05 if 
.3493E405 « 
3493E405 if 
3493E405 if 
3493E405 if 
3493E405 if 
3493E+0S if 


I 

40 

U3 

oj 

I 


TIME=0.239324E-02 SEC 


9.27000E402 

•*28e8iE402 

0.29006E402 

0.300e0E402 


0.38750E402 

0.317SOE+02 

0.3275QE402 

0.337SOE402 


DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


ITZ 

-.a4357E405 -.84357E405 

-.38314E400 #if -.75138E405 -.75138E405 

-.48216E400 «« -.68461E405 -.68461E405 

.....-♦||U7|+Pp «» - , 64266E+05 - .64266E405 

*** -.61050E405 -.61050E405 

-.75445E400 -.51190E+05 -.51190E405 

-.85346E400 «if -.41411E405 -.41411E4Q5 

_-^.?5247E400 -.3I760E40S -.31760E405 


0.3~8976E4Bd 
8.59S95E4P0 
0.8221SE400 
.P.73634E400 
0 . 62S4‘9>4 Ci6 
0.94166E400 
0.10579E401 
0.11741E401 


TRL-EDG 

-.843S7EtOS 

-.7S138E405 

-.68461E405 

**.64266E405 

-.61050E+OS 

-.51190E405 

-.41411E+0S 

-.31760E+05 


.... DISPLACEMENTS VS. CHOROMISE LOCATIOM 
AT IHPACT RADIUS 


X 

IN-PLANE 

OUT-OF-PLANE 


0.0 

0.75&81E400 

-.72S41E+00 


0.600dOE40d 

0.75493E400 

-.71076E400 

— 

0.12000E401 

0.75256E400 

-.69224E400 


0.16000E401 

0.750X9E400 

-.67373E40O 


0.24000E401 

0.74782E400 

“.65522E400 


0.30000E401 

0.74545E400 

-.6367IE400 

— — 

0.36000E401 

0.74306E400 

-.61820E400 


0.42000E+01 

0.74071E400 

-.59968E400 


0.46aoOE401 

0.73834E+00 

-.56117E400 


b.SAOOOEfOI 

0.73597E400 

-.S6266E400 



0.62500E40I 

0.73262E4Q0 

-.53643E40O 


0.72500E401 

0.72667E400 

-.505S8E400 


0.82500E401 

O.72472E4O0 

-.47472E400 


0.92500E40I 

O.72077E4P0 

-.443Q7E400 



0.10000E402 

0.71731E400 

-.41667E40O 



50.307Srtp2 

».3493E40S 

I.3493E405 

I.3493E+05 

I.3493E405 

1.3493E405 

'.3493E405 

.3493E405 

, 34.93E405 

.3493E4(i5 

.3493E405 

.3493E405 

..3493E+05 

.3493E405 

.349SE+05 

.3493E40S 
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STRESSES VS. CHORDWISE LDCATIDN 
AT IMPACT RADIUS 


0.0 

.. P.*6QPOE+00 
o.isboE+oi 
O.1800E+0I 
0.2400E+01 
. 0...5000E401 
0.3600E401 
0.4200E401 
O.AfiOOE+01 
.p.SAOOE+Ol 
D.6250E401 
0.7250E+01 
0.8250E+01 
„p.92S0E+gi 
0.1600E+02 


«R=0.2900E+02<<R5 

* 0.1039E+05 » 0 
. » .P.1039E4P5 » 0 

* d.l039E+b5 # 0 
» 0.1039E+05 * 0 
« 0.1039E+05 * 0 
’*..0,1039E+05 0 

0.1039E+05 * 0 
» 0.1039E+05 « 0 
^ 0.1039E + 05 0 

* 0.1039E405 H 0 
^ 0.1039E+OS K 0. 
» 0.1039E+05 « 0. 
» 0.1039E405 a 0. 

O.iO39E*05 * 0. 
•» 0.1039E+OS i 0. 


STRESS-X 
^0.3000E402«R5 
I.9781E+09 « 0 
. 978IE+OA » 0 
.9781E+0A * b 
.9761E+0^ » 0 
.97aiE+0A » 0 
..97fiXE+09 » 0 
-9781E+04 » 0 
.9781E40A * 0 
.9761E+09- * 0 
.9781E+0A » 0 
.9781E+04 » 0 
.9781E+04 * 0. 
.9781E+04 w 0, 
.9761E*04 it 0. 
.9781E+o 4 * b. 


0.3075E402 «Rs 
.9327E+04 « - 
•9327E+04 * - 
•9327E+04 * - 
.9327E+04 * - 
.9327E+04 » - 
.9327E+04. » - 
.9327E+04 * - 
.9327E+04 # - 
.9327E+04 « - 
.9327E+04 « - 
.9327E+04 » - 
•9327E+04 * - 
.9327E404 *k - 
.9327E404 » - 
.9327E404 » - 


=0.2900E402kR= 
-.6846E405 « > 
;.6646E405 « - 
’.6646E405 V - 
.6846E405 * - 
.6846E405 it - 
.6846E405 » - 
.8646E405 * > 
.6846E405 » - 
.6646E40S « > 
.6646E405 * - 
•6846E405 « - 
•6846E405 w - 
.6846E405 « - 
.6B46E405 « - 
.6S46E405 * - 


STRESS-Y 
:fl.3000E402«R: 
-.6427E40S » - 
••6427E405 « ■ 
'.6427E+0S * . 
•.6927E405 * • 
•.6427E405 * • 
•.6427E405 H - 
• 6427E405 tt - 
.6427E+05 * - 
.6427E+05 * - 
-6427E4Q5 * - 
.6427E405 * - 
.6427E+05 * - 
.6427E405 » - 
•6427E+05 » - 
.6427E+05 » - 


0.3075E4O2 

610SE405 

8105E405 

6105E405 

6105E405 

6105E405 

6X056405 

6X05E405 

6105E405 

6X05E4O5 

6105E405 

6X05E405 

6X05E405 

6X05E405 

610SE405 

6X05E405 


«Rs0.2900E402»Rs 
» 0.1691E405 » 0 

* 0.1691E+05 * 0 

* 0.1691E405 » 0 

* 0.1691E405 » 0 

* 0.1691E405 * 0 
tt 0.1691E405 H 0 
» 0.1691E405 « 0 

* 0.169XE+05 it 0 

* 0.1691E+05 * 0, 
0.X691E+05 » 0, 

« 0.1691E405 » 0, 
tt 0.X691E+05 * 0. 
» 0.16916405 * 0. 
t* 0.1691E40S a- 0. 
» 0.1691E+05 * 0. 


SHEAR-Xy 
=0.3000E402«R= 
M690E405 * 0 
M690E40S * 0 
.1690E405 « 0 
.16906405 a 0 
•1690E405 « 0 
,16906405 a 0 
.1690E405 a 0 
.1690E405 * 0 
.1690E405 tt 0. 
.1690E405 it 0, 
.1690E405 it 0. 
.1690E405 it 0. 
.1690E405 * 0. 
.16906405 M 0. 
.16906405 it 0. 


0.3075E+02 

'.1690E405 

.1690E405 

.169OE+05 

.1&90E+05 

.1690E405 

.1690E+05 

.1690E405 

.1690E405 

.16906+05 

.1690E405 

.1690E405 

.1690E+05 

.1690E405 

.1690E405 

.1690E405 


TIME=0.412041E-02 SEC 


DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


0.27000E402 

...IK28000E4_02_ 

0.290006402 

0.30000E402 

0.30750E402 

0_.317SOE402_ 

6.527506402 

0.337S0E402 


ru n, ^^.J^SPLACEMENTS radial bending stress 

IN-PLANE 0UT-0F-PLANE»*»LED-EDG CHO-PNT 

D.39630E400 -.57O51E-01 -.18651E405 -.188516+05 

.O.S5mS2E400 -.195486+00 *H -.14989E+05 -.14989E+05 

-.33391E+00 -.136236405 -.13623E405 

-.47234E+00 -.I2761E405 -.12761E405 

0.9907SE400 -.57616E+00 -.12099E405 -.I2099E+05 

0,714932+01 ,,_-,71459E+00 -.100576405 -.100S7E405 

0.13076E+01 -.85301E+00 -.796O8E404 -.79688E+04 

0.14663E401 -.99144E400 -.58435E+04 -.S6435E+04 


TRL-EDG 

-.18851E+05 

-.14989E405 

-.13623E+05 

-.127616405 

-.12099E+05 

-.10057E+05 

-.79688E+04 

-.58435E+04 


DISPLACEMENTS VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

0.60000E+00 

0.12000E+01 

0.16000E401 

0.24000E401 

0.30000E401 

0.36000E4Q1 

0.4COOOE+01 

0.48000E401 

0.54000E401 

0.62500E-»01 

0.72SOOE401 

0.825006+01 

0.92500E+01 


IN-PLANE 

0.51715E+00 

0.37351E400 

0.44470E+00 

0.51589E400 

0.58709E+00 

0.656286400 

0.72947E+00 

0.80067E+00 

0.87186E400 

0.94305E400 

0.10439E4D1 

0.11626E401 

O.X2812E401 

0.13999E401 


OUT-OF-PLANE 
0.38321E4OO 
0.29628E400 
0.18648E400 • 
0.76681E-01 
-.33122E-01 
-.14293E4O0 
-.25273E+00 
-.36253E+00 
-.47234E+00 
-.S6214B400 
-.73769E400 
-.92070E400 
-.11037E401 
-.12867E+01 



0,10000E+02. 0.15037E+01 -.14«i68E*01 


STRESSES VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


0.0 

0.6000E400 

0.1200E+01 

0..1600E401 

0.2<^OOE401 

0.3000E401 

0.3600E401 

„.,p.A200E*01 

O.A600E401 

O.5^f0OE+Ol 

0.6250E4Q1 

„p.7£SOE*0Z 

O.e’zBOE+Ol 

0.9250E+OI 

O.iOOOE+02 


STRESS-X 
.*!R=P.29QOE*Q2«R=0.3000E+02«R= 
» 0.2767E+05 « 0.2578E405 i 0 
* 0.2767E40S « 0.2578E405 * 

^ 0.2767E+05 » 0.257SE405 a 
*.fl,2787E+0.5..* 0-2S76E405 » 

» 0.2767E+05 * 0.2578E405 « 

« 0.2767E405 « 0.2576E40S 


» 0.2767E+0S w 0.2578E+0S 
* 0,2767E405 * 0.2578E405 
» 0.2767E405 » 

» 0.2767E405 « 


0.2578E+0S 

0.2578E405 


* 0.2767E405 * 0.2578E405 
Q,.?767E+05.» P.2576E+05 » 0 

» 0.2767E405 « 6.257©E*05 » 0. 

* 0.2767E405 » 0.2576E+05 « 0. 
» 0.2767E+0S « 0.257SE+05 *f 0. 


.Q.3075E4O2 «R 
.2435E+05 N 
.2435E405 
• E'fSSE+OS 
.2455E+05 
.2435E4-05 
.2435E405 
.2A35E+05 
2A35E+05 
2«5E405 
2435E405 
2435E+05 
2435E405 
2435E405 
2435E405 
2435E405 


•0.2900E402«R 
•.1362E4 05 
'.1362E405 
•.1362E+05 
-.1362E+05 
•.1362E405 
•.1362E+05 
-.1362E405 
•.13S2E+05 
.1362E405 
.1362E405 
.1362E+05 
•1362E405 
.i362E405 
.1362E+05 


-.1362E+05 a - 


STRESS-Y 
:0.3000E402WR: 
••1276E405 * . 
•.1276E405 » • 
•.1276E+05 » - 
■.1276E405 « • 
.1276E405 K . 
.1276E+05 ^ > 
•1276E405 w - 
.1276E405 » . 
.1276E405 « - 
•i276E+05 » - 
.1276E405 « - 
.127&E405 * - 
•1276E+05 a - 
.1276E405 » - 
.1276E+05 H - 


'0.3075E+02 «R! 
•.1210E405 » • 
'.1210E+OS 
•.1210E405 
.1210E+0S 
,1210E+05 
.1210E403 
.I210E405 
.1210E405 
.12I0E405 
.X21OE405 
.12I0E405 
.1210E+05 
.1210E+05 
.1210E+05 
.1210E+05 


a 

, » 

a 

« 

if 

if 

if 

» 


•0.2900E-f02«R 
-.3097E+05 * 
••3D97E405 * 
•-3097E405 # 
-.3097E405 4f 
•.3097E+05 if 
•.3D97E+05 »f 
.3097E+05 « 
.3097E+05 
.3097E+05 
.3097E+0S 
.3097E+05 
.3097E+05 
.3097E+05 
.3097E4-05 
.3097E+05 


if 

if 

if 

if 

if 

if 

if 

if 


SHEAR-XY 
=0.3000E+02«R 
-.30972+05 « ■ 
-.3097E+0S « • 
-.3097E+05 if • 
-.3097E+05 
•.3097E+05 
•.3097E+05 
■.3097E+05 
•.3097E405 
•.3097E+05 
•.3097E+05 
•.3D97E+05 
.3097E+05 
.3097E+05 
.3097E+05 
.3097E+05 


if 

« 

if 

» 

if 

if 

# 

if 

if 

if 

if 

if 


=0.3075E+02 

■.3696E+65 

-.3096E+05 

•.3096E+05 

•.3096E405 

•.3096E+05 

•.3096E405 

'.3096E+05 

■..309SE4O5 

'.3096E+05 

.3096E+OS 

.3096E+05 

.3096E+05 

.3096E+O5 

.3096E+05 

.3096E+O5 


t 

N5 

Co 

Ln 

I 


TIME=0.701923E-02 SEC 


DISPLACEHEHTS AND BENDING STRESSES VS, RADIAL STATION' 


0.27000E402 

0.2B000E+02 

0.29000E402 

p..3000pE402 

6.307SdE+d2 

0.3I750E+02 

O.3275OE+02 

.0,33750Et02 


DISPLACEMENTS RADTAi 

INrPLANE ...OUT-OF-PLANEifif,»LED-EDG 

0.93241E-dl »if 0.S743<iE+0<i 
0.35969E-01 »» 0.61610E+0<t 
-.21263E-01 if* 0.55578E+0'i 
- -•..7S515E-01 ** 0.51831E+04 
“.12145E400 «ft 0.46889E+04 
'•.17871E400 ifif 0.4008SE+04 
-.23596E400 «» 0.31468E+04 


0.18350E-O1 
0.69533E-01 
0.12072E+00 
, 0.17190E400 
d.2lb29E+00 
0.26147E+D0 
0.31265E+00 


-.-.0t36384Ej:P0 -v?9321E+00 «# O.23192E+04 


BENDING STRESS 

CHD-PNT 

0.57434E+04 

0.61610E+04 

0.55578E404 

0.51831E404 

0.488S9E+04 

0.400S5E404 

0.31468E404 

0.23192E+04 


TRL-EDG 

0.57434E+0A 

0.61610E+04 

0.55578E+04 

0.5I831E+04 

0.<'88S9E+04 

0.40085E+04 

0.3I468E+04 

0.23192E+Q4 


DISPLACEMENTS VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

b.60000E+00 

0.12000E+01 

0.18000E401 

0.24000E+OX 

"d.SOOOOE+Ol 

0.36000E401 

0.42000E4Q1 

0.480002+01 

0.54000E401 

0.62500E+01 

0.72500E401 


IN-PLANE 

-.17049E+00 

-.13570E+00 

-.91758E-01 

-.47815E-01 

-.38722E-02 

0.40071E-01 

O.84O14E-01 

0.12796E+00 

0.17190H+00 

0.21584E+00 

0.27310E+00 

0.35133E+00 


OUT-OF-PLANE 

0.48128E+00 

0.42440E+00 

0.35255E+00 

0,2a071E+00 

0.20666E+00 

0.13702E+00 

0.65174E-0I 

-.66700E-02 

-.76515E-01 

■■-.15036E400 

-.25214E+00 

-.37iaQEiOO 



PP 

If 

s| 

f 
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0.62500E401 

0.92500E+01 

O.lQOOOEiOa 


0.42457E+0ft 

0.49781E+00 

0.56189E+0Q 


-.49162E+C0 

-.61136E4-00 

-.71614E+00 


STRESSES VS, CHORDWISE LOCATION 
AT IMPACT RADIUS 


X 

STRESS-X 

«R=0.2900E+02«R=0.30£)OE402i<R=0.3075E402 

STRESS-y 

«R=0 . 2900E402«R=0 . 3000E4-02ifR=0 . 3075E402 

SHEAR-XY i 

«R=0 . 2900E+02»R=0 . 3000E+02ifR=0 .3075E+02 

0.0 

a -.9349E404 

* -.8771E404 

» -.6331E404 

n 

0.5558E404 


0.5183E404 

if 

0.4889E+04 

« -.2430E+05 

» -.2430E405 

if -.2429B405' 

O..^OpOEtPO 

^..-,93495+0.4. 

.if_r..S771E4.04 

i*.,.-,e331E404.. 


0.555SE+04 * 

.0.5183Et04 

if 

0.46B9E4-04.. 

H .-,2430.E+05. 

T.2430E405 

if .-.2429B+05. 

0.i200E401 

* -.9349E404 

« -.8771E404 

» -.8331E404 

a 

0.5556E404 


0.5183E4Q4 

if 

0.4G89E4-04 

if -.2430E+05 

* -.2430E+05 

if -.2429E405 

O.I800E401 

« -.9349E404 

* -.8771E+04 

» -.8331E404 


0.5558E4D4 


0.5183E404 

if 

0.4889E4-04 

» -.2430E+05 

* -.243OE+05 

if -.2429E405 

0.2400E401 

« -.9349Ef04 

« -.8771E404 

« -.8331E+04 


0.55B8E404 


0.5183E+04 

if 

0.4889E+04 

« -.2430E+05 

if -.2430E+05 

if -.2429E40B 

„,...0.3000E401 

¥„,-,9349Ef04 «_-:.8771E404 

» -.8331E404 


0.5558E404 

* 

0.5183E404 

if 

0.48S9E404 

Jf. - .2430E+05 

* -.2430E+05 

if -r..2429E405 

0.3600E401 

if -.9349E+04 

if ‘•.8771E404 

if -.8331E404 

« 

0.S558E404 


0.5ld3E-f04 

if 

0.4889E+04 

if -.243GE40S 

if -.2430E+05 

if -.2429E+05 

0.4200E401 

» -.9349E404 

4f -.8771E+04 

if -.8331E404 

a 

0.5558E404 

K 

0.5183E+04 

if 

0.4889E+04 

if -.2430E+OS 

» -.2430E+0B 

it -.2429E40B 

0.4800E401 

» -.9349B404 

if -.877IE404 

if -.8331E404 

* 

0.55S8E404 

if 

0.5183E404 

if 

0.4B89E404 

* -.2430E4-05 4f -,2430E4-05 » -.2429E405 

0.5400E40I 

» -.9349E+04 

if -.8771E404 

if -.8331E+04 

n 

0.5558E404 

ff 

0.5183E404 

if 

0.4889E404 

if -.2430E+05 

* -.2430E405 

» -.2429E40B 

0.625dE4di 

* -.9349E+04 

if -.6771E+04 

» -.8351E404 

n 

b.5558E+04 

if 

0.S183E+04 

if 

0.48B9E404 

if -.243QE4QS 

if -.2430E405 

if -.2429E+0S 

0.7250E401 

if -.9349E404 

if -.6771E404 

» -.8331E+04 

a 

0.5558B404 

if 

0.5183E+04 

if 

0.48S9E404 

if -.2430E+05 * -.2430E+05 # -.2429E+05 

0.625QE401 

* -.9349E404 

if -.8771E+04 

if -.8331E+04 

» 

0.5558E+04 

if 

0.5183E404 

if 

0.4d89E404 

if -.243DE+05 

» -.2430E405 

if -.2429E405 

0.9250E401 

if -.9349E404 

if -.8771E404 

if -.a331E404 


0.5558E404 

if 

0.5163E404 

if 

0.4889E404 

if -.2430E+QB 

if -.243QE+05 

if -.2429E+05 

O.IQOOE402 

* -.9549E+04 

if -.8771E404 

if -.8331E+04 


0.5558E404 

if 

0.5183E404 

if 

0.4d89E404 

if -.2430E+05 

if -.2450E405 

» -.2429E+05 

— 

.. — ...... 

— • 

•— - - 


TIME=0.99is04E-02 SEC 


- 

•••• - - 



I 


I 


DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


DISPLACEMENTS 
R IN-PLANE OUT-OF“PLANE»»»LED-EDG 

0.27000E+02 -.1166IJE-02 -.2689AE+00 ** -.16854E+0S 

0-28_pOOE+02 -__.1413SEfP0. -.13046E+00 ^ -.14213E+0S 

6 . 29'd~0dE4O2 - .26XS9E+00 0780197E-02 •KH -.illl5E+05 

0.30000E+02 -.42180E+00 0.14650E+00 an -.91737E+04 

0.307SOE+02 -.52696E+00 0.25036E+00 -.76805E+04 

0.31750E+02 _ -.667I7E400 0.38834E+00 -.31242E+04 

0/327SbE+62 -.6d738E+6d d.52732E+00 «« 0.12241E+04 

0.337SOE+02 -.94759E+00 0.66580E+00 0.S0500E*04 


RADIAL BENDING STRESS 
CHD-PNT 
-.16854E+05 
-.14213E+05 
-.11115E405 
-.91737E+04 
-,76805E+04 
-.31242E4C4 
0.12241E4O4 
0.50500E+04 


TRL-EDG 

-.16654E405 

-.14213E405 

-.11115E+05 

-.91737E+04 

-.76S05E+04 

-.3I242E+04 

0.12241E+04 

0.50500E404 



DISPLACEMENTS VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

0.60000E400 

0.12000E401 

■■d.l8000E401 

O.SAOOOE40I 

0.30000E40I 

0.36000E401 

0.42000E401 

O.48Q00E401 

0.54000E401 


IN-PLANE 

0.97765E-01 

0.44975E-01 

-.21707E-01 

-.68389E-01 

-.15507E+00 

-.2217SE4O0 

-.28844E400 

-.35512E4O0 

-.42180E400 

-.48848E400 


OUT-OF-PLANE 

-.63594E+00 

-.55644E400 

-.45602E400 

■■-.35560E400 

-.25518E+aO 

-.15476E+00 

-.54339E-01 

0.46080E-01 

0.14650E400 

0.24692E400 


LZZ 


0.62500E^01 

b.725O0E<-Oi 

O.Q2500E+01 

0.9C500E+01 

Q.IOOOOE^OZ 


-.58295E+00 

-.69^09E+00 

-.d052EE+00 

“.91636E+00 

-.10135E+01 


0,3e916E-.'-00 

0.5565EE400 

0.72392E+00 

0.89126E+00 

0.10377E+01 


STRESSES V5. CHORDWISE LOCATION 
AT IMPACT RADIUS 


STRESS-X STRESS-Y SHEAR-XY 

X , *R = 0.290pE+52*R=0.300pE.+OC«R“g,3075E*02, «R=0.2900E402*R=0 , 3000E402«R=0 . 3075E+02 «R=0 . 2900E+02«R“0 .3000E+02«R=0 . 3075E+02 


0.0 

H 

0.2688E405 


0.2586E405 

« 

0.2355E4Q5 


-.lil2E405 


-.9174E404 

¥ 

-.7681E404 

¥ 

0.2532E405 


0.2531E405 

« 

0.2531E405 

0.6000E400 

« 

0.28S8E405 

« 

0.2586E405 

ff 

0.2355E405 


-.1112E+05 


-.9174E409 

4t 

-.76S1E4Q4 

¥ 

0.2532E4Q5 

¥ 

0.25:'^L405 

¥ 

0.2531E405 

0.1200E401 


0.2888E405 


0.2566E405 

« 

0.2355E405 

« 

-.1112E405 

it 

-.917AE409 

¥ 

-.7681E404 

¥ 

0.2532E405 


0.253XE405 

¥ 

0.2531E405 

0.1800E401 

» 

O.2S88Ef05 

it 

0.258bE405 

a 

0.2355E405 


-.1112E4D5 

it 

-.9174E409 

¥ 

-.7681E404 

¥ 

0.2532E405 

-tf 

0.2S3IE405 

¥ 

0.2531E405 

0.2400E401 


0.288&E405 


0.2588E405 

n 

0.2355E4CS 


-.1112E405 

K 

-.9174E40<4 

¥ 

-.768IE+04 

¥ 

0.2532E405 

« 

0.2531E405 

¥ 

0.2531E405 

0.3000E401 

» 

0.28S8E40S 

* 

0.2586E405 


0.23S5E405 

o 

-.1112E405 

¥ 

-.9174E404 


-.7681E4C4 

¥ 

0.2S32E405 

¥ 

0.2531E+05 

¥ 

0.2531E405 

0.3600E401 

W 

0.2888E405 

a 

S.25B6E405 

» 

0.2355E405 


-.1112E405 


-.9174E404 

¥ 

-.7681E404 

¥ 

0.2532E405 

¥ 

0.2531E405 

¥ 

0.2531E405 

0.<:200E401 

M 

0.288SE405 


0.25S6E405 

n 

0.23S5E405 

« 

-.1112E405 

¥ 

-.9174E404 

¥ 

-.7681E404 

¥ 

0.2532E+05 

¥ 

0.2531E405 


0.2531E405 

b.9d6oE40i 

ti 

0.28SSE405 


6.2586E<05 

n 

0.2355E405 

» 

-.1112E405 

H 

-.9174E404 

¥ 

-.7681E+04 

¥ 

0.2532E40S 

¥ 

0.2S31E405 

¥ 

0.2551E405 

O.SaoOE^QI 


0.2888E405 


0.2566E405 

♦f 

0.235SE405 

tt 

-.1112E405 

¥ 

-.9174E404 

¥ 

-.7681E404 

¥ 

0.2532E405 

¥ 

0.2531E405 

H 

0.2531E+05 

0.6250E40I 


0.2896E405 


0.2586E405 

a 

0.2355E405 

¥ 

-.1112E405 

¥ 

-.9174E404 

¥ 

-.T661E404 

¥ 

0.2S32E405 

¥ 

0.2531E405 

U 

0.2531E405 

0.7250E+01 

« 

0.2838E405 

» 

0.2588E405 

» 

D.2355E405 

¥ 

-.1112E405 

4t 

-.9174E404 

tr 

-.7681=404 

U 

0.2532E405 

¥ 

0.25316405 

¥ 

0.2531E405 

0.8?S0E*0i 


0.2688E405 

V 

0.2566E405 


0.2355E405 

« 

-.1112E40S 

¥ 

--9174E404 

¥ 

-.7681E404 

¥ 

0.2532E40S 

¥ 

0.2531E405 

¥ 

0.2531E405 

0.9250E401 


0.2688E405 

n 

0.2S86E4Q5 


0.2355E405 

» 

-.1112E+05 

¥ 

-.9174E404 

¥ 

-.7681E404 

¥ 

0.2532E405 

¥ 

0.2531E405 

¥ 

0.2531E405 

0.1000&402 


0.2888E405 

a 

Q.2586E40S 

ft 

0.23SSE405 

» 

-.UI2E405 

¥ 

-.9174E404 

¥ 

-.7681E404 

¥ 

0.2532E405 

¥ 

0.2531E405 

¥ 

0.2S31E405 


I 


\ 


TIHE=0.12S169E~01 SEC 

DISPLACEMENTS AW5 BENDING STRESSES VS. RADIAL STATION 


_ R 

0'2700bE+02' 

0.28000E+02 

0.29000E+02 

G.30000E+02 

6.3'0750E+62 

0.31750E+02 

0.32750E+02 

0.33750E+02 


DISPLACEMENTS 


IN-PLANE _ 

-.33629E+b0 

-.99965E+00 

-.569U1E+00 

-.68S37E400 

-.7778SE466 

-.S9729E400 

-.20166E401 

-.U36OE401 


CUT-DF-PLAN 

6 . i 9374 ‘ E 4 Q 0 

0.30739E400 

0.41609E400 

0.52A69E400 

'6.60618E400 

0.719S3E+00 

0.82396E400 

0.93213E400 


RADIAL 

■«»»LED-EDG 
«« 0 .? S 67 <> E 405 
0.66837E+05 
0.60926E+05 
»K 0.57210E405 
«* O.S936SE+05 
»» C-AS632E405 
#K 0.36973E405 
*» 0.28916E405 


BEbmiNG STRESS 

CHD-PNT 

0.7S67AE405 

0.66837E405 

0.60928E405 

0.57210E405 

0.5436SE405 

0.4S632E+05 

0.36973E405 

0.284I&E405 


TRL-EDG 

0.75674E405 

0.66837E4O5 

0 . 60926 Et 05 

0.57210E405 

0.54365E405 

0.45632E405 

0.36973E405 

0.28418E40S 


II 

C ? ^ 


a 

& 


DISPLACEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

"0.60000E400 

Q.12000E401 

0.I8000E401 

0.24000E401 

0.3DOOOE401 

0.36000E401 

0.42000E401 


IN-PLANE 

-.55520E400 

--56873E4O0 

-.565e2E4DQ 

-.60291E400 

-.62000E400 

-.63709E400 

-.65418E400 

-.67127E+00 


OUT-OF-PLANE 
0.39634E+00 
■ O.40938E4O0 
0.42585E400 
0.44232E400 
0.45830E400 
0.47S27E400 
0.4917SE400 
0.S0822E409 


238 ' 


I 


I 


0.48000E+ai 

O.StjOOOEfOi 

0.6S500E-»01 

D.72500E+01 

O.82SO0E+OI 

0.92SOOE+OX 

O.lOOCrOE+02 


-.68837E+00 

-.705<i6c*00 

-.72?67E*OQ 

-.7581'iE+OO 

-.7866<tE+00 

-.ai51£E+00 

-. a «{005 E +00 


0.52^6 9 Et 00 
0.S^117E+00 
0.56450E+00 
0.5919&EtOO 
0.61942E+00 
0.646S7E-i-GQ 
0.67090E'fOO 


STRESSES VS. CHCRDWISE LOCATIOH 
AT IMPACT RADIUS 


0.0 

...0.6000E+00 

0.1200E+bi 

0.1800E401 

O.2AO0E+O1 

. P.3C00E+0X 
b.36dOE*6l 
O.A200E+01 
0.A80QE+01 
0.5AO0E4O1 
0.6250E401 
0.7C50E+01 
0.6250E-<>01 
0.9250E+01 
O.i0O0EfO2 


»R=0.2900E+02«R= 
« 0.3675E+0A * 0 
« 0.3675E+0A « 0 
« 0.367SE+OA » 0 
» 0.3675E+0A » 0 
» 0.3675E+0A » 0 
.1 0.367SE40A « 0 

* 0.367SE»OA » 0 
» 0.367SE*0<» * C 
» 0.367SE+04 » 0 
« 0.367SE+OA « 0 

* b.f675E+b4' <* c 
« 0.367SE+OA « 0 

* 0.367SE40A a 0 
« 0.3675E404 n 0 
« b .3675 E +0 ^'W 0 


STRESS-X 
0.3000£+02«R= 
.3<: r 09 E 404 « 0 
.3< f 09 E 40 i * a 
.3<409E*0<i » 

• 3^09E40<» » 
.3 A 09 E 40 A « 
.3^ f 09 E 404 « 
.3409E- 04 

• 3A09E+0<V 

3A09E40<^ 

3909E40A 
3*09 e 404 
3A09E404 
3A09E40A » 0 
3A09E40A « 0 
3 b 09 E 4 b 4 » 0 


0.3075E+02 

.3196E+0A 

.3X96E+0A 

•3196E40A 

.5X96E+0A 

.3X96E+0A 

.3196E404 

-3196E40A 

.3X96E40A 

.3X96E+0A 

3X96E+04 

3X96E409 

3X96E*0A 

3196 E 404 

3X96E404 

3196E40<* 


*R=0.290CE402«Rs 
0,e093E+05 « O 

* 0.6093E+05 * 0 
« 0.6093E405 41 0 
» O.6093E+05 « 0 
» 0.6093E+05 » 0 
» 0.6093E405 » 0 
» 0.6093E405 * 0 
» 0.6093E405 » 0 

* 0.6093E405 « 0 
» 0.6093E40S » 0 
» 0.6093E405 * 0 

* O.6093E4Q5 » 0 
« 0.6093E+05 » 0 
» 0.6093E+05 » e 
» 0.6093E4Q5 * 0 


STRESS-Y 
0.3000E402«R= 
.5721E405 » 0 
.572XE405 
.5721E405 
.572XE+05 
.5721E+05 
.S72XE405 
.572XE405 
.5721E405 
.S721E405 
.5721E405 
.5721E405 
.5721E405 
.5721E+05 * 
.B721E405 * 
.572XE405 * 


0.3075E402 

.S936E+05 

.SA36E405 

.SA56E+05 

.5936E+05 

.5A36E405 

.5A36E405 

.5936E405 

.5A36E405 

5<(36E4CB 

5^36E405 

5436E4C5 

5 A 36 E 405 

5' i 36 E 405 

5936E405 

5A36E40S 


SHEAR-XY 

«R=0.2900E402»R=0.3000E402*R: 


* -.3207 c 4 a^i « 
, » “.32C7E+04 » 

« -.3207E+ti«% » 

* -.3207E40A H 
*f -.3207E40A a 
^ -.3207E40A « 
« -.3207E+04 * 
» -.3207E404 « 
» -i3207E404 » 
» -.3207E404 » 

* -.3207E+04 « 
» -.3207E+04 H 
» -.3207E404 » 
« -.3207E404 * 

* -.32O7E404 » 


-.3207E404 » - 
.-.3207E404 » - 
-.3207E40A # - 
-.3207E+04 if - 
-.3207E404 « - 
-.3207E404 « - 
-.320VE404 « - 
-.32075404 4» - 
-.3207E404 ff - 
-.3207E404 « - 
-.3207E404 a - 
-.3207E404 a - 
-.3207E404 a - 
-.3207E404 a - 
-.3207E+04 « - 


TIME=0.1S7X57E-OX SEC 


R 

0.27000E402 

0.2S0O0EfC2 

b.29000E4t)'2 

0.300DOE402 

D.30750E402 

0.3X7SOE402 

b.32750E402 

0.33VS0E402 


DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


Ois?UcEMENTS' ' RADIAL 

IN-PLANE OUT-OF-PLANEaa»LED-EDG 

0.14056E400 O.22743E-01 -.28102E405 

-9^?0670E40q -.3332PE-0X »« -.23873E40S 

0.27284E4O0 -.90382E-01 aa -.22000E+05 

0.33896E400 -.14694E400 aa -.20823E+0S 

0.38859E400 -.16937E+00 a» -.X99IBE+0S 

+ _ -,:24593E+00 aa -.X7146E+05 

0.52087E4(Jb -.3D249E40O aa -^1436SE405 

O.S670XH400 -.35905E400 aa -.11513E40S 


BENDING STRESS 

CHO-PNT 

-.281C2E405 

-.23873E405 

-.22000E405 

-.20823E405 

-.19916E405 

-.17146E405 

-.14365E405 

-.11513E405 


TRL-EDG 

-.28102E405 

-.23873E40S 

-.22000E+05 

-.20623E405 

-.19918E405 

-.17146E405 

-.14365E405 

-.X1513E40S- 


DISPLACEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

0.60000E400 

0.12000E+01 

0.18000E401 

0.24000E401 

0.30000E401 


IN-PLANE 

0.66892E-01 

O.96334E-01 

O.X3IOOEfOO 

0.16B66E400 

0.20033E400 

0.23499E400 


OUT-OF-PLANE 

0.32166E4O0 

0.27405E400 

0.21391E400 

0.15377E400 

0.93624E-01 

0.33482E-01 


0.3075E402 

.3206E404 

.3206E404 . 

.3206E404 

.3206E404 

.3206 E 4 C 4 

.3206E404 

.5206E404 

.32065404 

.32065404 

.32065404 

.3206E404 

.3206E404 

.32065404 

.32065404 

.3206E404 


239 


0.36000E+01 
o.^»aoooE40i 
o.<»aoooE+oi 
0. 5^0006401 
0.62500E401 
0.72SOOE+01 
0.82500E40I 
0.92S00E401 
O.iOOOOE+02 


a.26966E400 
0.30432E400 
0.33896E400 
0.37365E400 
O.‘f2276E40O 
0.48053E400 
0.53830E400 
0.59606E400 
0 .64663E40Q 


-.26660E-01 
-.66802E-01 
-.l‘i6'?iiE + 00 
“.20709E+00 
--29229E400 
-.39252E400 
-.49276E400 
-.59300E400 
-.6e070E4[J0 


I 


i 


.. STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


»R=0,290gE402«R 

0.0 » -.2595E*05 » 

0.6000E400 » -.2595E40S * 
0.12O0E4O1 « -.2595E405 » 

_ O.ISOPE+pi * -.259SE40S » 
0.2AOOE401 « -.259SE+05K 
0.3000E401 * -.259SE+05 « 
0.3600E401 * -.2595E40S » 

. 0,A20pEt01 Wj-.ESPSE^pS » 
0.4800E401 » “.2595E405 « 
0.5AOOE401 « -.2595E405 « 
0.6C50E401 * -.2595E405 » 

- 1L??5PE+P1 -.2595E405 » 

0.B25PE401 »'-.2595E405 » 

O. 92SOE40’ ** -.2595E405 » 

P. 1000E402 » -.2S95E405 * 


STRESS-X 

0.3000E4P2kr=o,3075E402 

.2A22E405 » -.2290E405 
.2A22E+05 # -.2290E4PS 
.2A22E405 » -.2290E40S 
.2AC2E«-0S, * -.2290E405 
.2A22E405 » -.2290E+P5 
.2A22E405 « -.229OE+05 
.2422E*05 » -.2290E4P5 
.,2422E405 .1.T.2290E405 
.2A22E*05 * -.2290E405 
.2A22E405 » -.2290E40S 
•2A22E405 * -.2290E405 
.2A22E405 « -.2290E+05 
.2A22E4P5 *f -.229OE + 05 
.2<i22E40S * -.229PE + 05 
.2422E*05 « -.2290E405 


STRESS-Y 

*R=0.2900E+02»(R5P.3000E+02<»R=0.3075E402 

« -.2200E405 * -.2P82E+05 w -.1992E40S 

* --.2200E4P5 « -.2082E*05 # -.1992E+05 

* -.2200E405 -.2082E405 * -,1992E*05 

» -.2200E405 « -.2082E405 * -.1992E405 

* '.22P0E4P5 • -.2082E4P5 ** -.1992E405 

* -.22P0E405 # -.2082E40S » -.1992E*05 

« -.2200E40S » -.2082E405 -.1992E405 

* -.2200E+P5 * -.2082E405 » -.1992E40S 

* -.22P0E405 * -.2082E405 if -.1992E405 
« “.2200E405 » -.2062E405 » -.1992E405 

* -.2200E405 4f -.2P82E405 if ~.1992E40S 

* -.2200E+05 « -.2082E405 » -.1992E+05 

* -.2200E405 « -.2082E+OS » -.1992E4P5 

* -.2200E405 » -.2062E+05 * -.1992E405 
« -.2200E405 « -.20e2E405 « -. 1092 E 4 p 5 


SHEAR-XY 

*R=0.2900E+02«R=0.3000E402«R=0.3075E4P2 

« -.1873E+05 » -.1672E4PS * -.1872E405 
» -.1873E405 » --1872E+05 « -.1872E405 

* -.1873E405 » -.1872E405 * -.1872E4P5 
** ~*i873E+0S * -.1872E405 ff -.1872E+05 

* “•1673E+05 » -.1672E+05 » -.1872E+05 

* -.1873E40S » -.1872E405 » -.2872E4P5 

* ■■•1873E+05 if -.1872E4P5 « -.1S72E+05 
« “.1873E405 if -.1872E*05 »f -.1872E+05 

* -.1873E40S » -.1872E40S h -.1872E405 
« -.Z873E405 if -.1872E405 *f -.1872E405 
if -.1673E405 if -.1S72E405 * -.1872E405 
» -.1873E405 * -.1872E405 * -.1872E405 

* -.1873E405 * -.1872E40S » -.1872E40S 
« -.1873E+05 if -.1872E405 * -.1872E405 
» -.1873E405 * -.Z072E4O5 n -.Z872E40S 


TIHE=0.1861A5E-OZ SEC 

DISPLACEMENTS AMD BENDING STRESSES VS. RADIAL STATION 


R, 

0.276obE+02 

0.28000E402 

0.29000E402 

O.3POQ0E4O2 

0.3d750E*P2 

0.31750E402 

0.327S0E4O2 

0.33750E402 


IN-PLANE 
6.25773E4bb 
0.35375E400 
O.AA976E400 
0.54578E+00 
0.61779E4PO 
0.713SZE+00 
0.809S3E40P 
0.90S85E400 


‘'•‘jf'i.Mucncn I d 


... .QMT-0F-PLANEifin»LE0-ED6 

-.19632E400 -.A«^022E405 

-.29A26E40P -.3898AE405 

-.3902PE40Q »» -.35179E+05 
— .r.*^®61,3E40P iHf ~.3278^E4PS 
-.55806E40P «* -.30957E+05 
-.65A02E400 «» -.25332E405 
-.7f»996E4PP »» -.19781E405 
--8A589E+0P if* -.1A419E405 




BENDING STRESS 

CHD-PNT 

-.f|A022B405 

-.3898AE405 

-.5SI79E40S 

-.3278AE405 

-.3O957E405 

-.25332E405 

-.19781E405 

-.Z9AZ9Ei-05 


TRL-EDG 

-.44022E405 

-.3898AE405 

-.35179E405 

-.32784E405 

-.30957E4O5 

-.25332E405 

-.19701E4O5 

-.XAA19E405 


DtSPUCEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

0.80000E4CIO 

0.12000E40Z 

o.iaoooE40i 


IN-PLANk- 

O.AA682E*PO 

0-45687E400 

0.46957E400 

0.4B226E400 


OUT-OF-PLANE 

-.45210E400 

-.45S56E+00 

-.45992E400 

-.46429E400 


OBIGINAL PAGR IS 
OP POOR QUALi'l’V 


0.24000E401 
O.SQObOE+Ol ' 
0.36000E401 
0.4a0OOE4Ol 
. 0.48000E+01 
0.54000E401 
0.62500E401 
0.72500E+01 
,..Q,a25QOE.tOl. 
0.92500E4Q1 
0.10000E402 


0.49498E+0D 

0.50766E400 

0.52038E400 

0.53306E400 

0.54578E400 

0.55846E400 

0.57648E400 

0.59764E400 

..0.6X88XE400 

0.63998E400 

0.65650E400 


-.46668E4-00 
•'.47303E+00 
-.47740E400 
-.46176E+00 
-.48613E+00 
-.49OS0E4OO 
-.49669E400 
-.S0397E+00 
.-.51125E4O0 . 
” .S1Q53E4O0 
-.S2490E400 


STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


i 

NP 

js 

O 

1 


0.0 

,.0.>000E40O 

o,i266E4”di 
O.I800E4D1 
0.2400E401 
0. 3 fl00Et01 
0.360dE4dl 
0.42O0E4O1 
0.4800E401 
. 0,iS400E401 
0~.6250E40r 
0.7250E401 
0.8250E401 
0.9250E401 


« 0 


0 

» 0 
» 0 
K 0 


0.2900E402«Rs 
.2887E405 * 0 
.2887E405_tf 0 
.2887E405 « b 
.2037E+O5 a 0 
.2897E405 « 
,2897E*05^ 
.2a37E40S » 
2887E405 M 
2887E405 K 
2^87E40S 
2887E405’» 
2867E405 « 
2887E405 » 
2687E405 K 


O.IOOOE402 H 0.28~a7E40'5'« o'. 


STRESS-X 
0.3000E402«R= 
.2666E405 « 0 
..2686.E40$. 
.2686E405 » b 
.2686E405 * 0 
.2686E405 i* 0 
,.^g9.a6E4p5 * g 
.2686E4b5 » 0 
.S686E405 
.2686E405 
..?6fi!^E405 
.2686E4b5 
.2686E405 
2686E405 

26e6E4b5 X Q~ 


0.3075E402 «R 
.2535E405 w 
.2535E405 
.2535E405 
.253SE4Q5 
.2535E405 
.2535E405 
. 25358405 
.2535E405 
.2535E405 
.2535E405 
.2535E405 
.2535E405 
2535E405 
2535E+05 » - 
2S35E405 » - 


n - 
n - 
4( - 

« - 
* - 

if - 
if - 

n - 


=0.2900E+02«R 
-.3518E405 * 
-,3S18E405 « 
■.3518E405 a 
‘.351BE405 i* ■ 
-.3518E405 a • 
r.3518E405 * • 
■.3516E405 a • 
.3516E405 * • 
.3516E405 it • 
.3518E405 a • 
.3516E405 if - 
.35I8E405 « - 
.3516E405 a > 
•,,3518E405 » - 
.3518E405 a - 


STRESS-Y 
=0.3000E402i(R: 
-.3278E+05 K - 
'.3278E+05 
-.3278E+05 
-.3278E40S 
'.3278E405 
■.3278E405 
•.3278E40S 
■.3278E40S 
•.3278E405 « 
■.3278E40S « 
.3276E405 if 
.3278E+05 a 
.3278E40S a 
.3278E405 if 
•3278E405 * 


:Q.30?5E402 

'.3096E405 

'.3096E405 

.3096E405 

.3096E+05 

.3096E405 

.3096E405 

.30.96E405 

.3096E405 

.3096E+05 

.3096E405 

.3096E405 

.3096E405 

.3096E405 

.3096E405 

.3096E405 


«R=0.2900E402«R= 
« 0.6183E404 » 0 
a 0.6183E404 « 0 
» 0.6183E404 * 0 
a 0.6163E404 « 0 
a 0.6I83E404 » 0 
« P.6183E404 » 0 
a 0.6X83E404 » 0 
K 0.6183E404 » 0 
a 0.6183E404 » 0 

* 0.6183E404 » 0 
» 0.6183E404 a 0 

* 0.6X83E404 * 0 
it 0.6X63E404 » 0 
a O.6X63E404 « 0 
a 0.6X83E404 i* 0 


SHEAR-XY 
0.3000E402XR 
.6X8XE404 it 
.6X61E404 a 
.618XE404 « 
.6XSXE404 a 
.6I8XE404 » < 
.618XE404 » I 
.6X8XE404 if I 
.6I8XE404 it I 
.6X8X8404 ) 

.618XE404 a I 
.618XE404 a i 
.6X8X8+04 » ( 
.618X8404 it ( 
.6181E404 n ( 
.618XE404 « ( 


TIHE=0.215i33E-bx SEC 

DISPUCEMENTS AND BENDING STRESSES VS. RADIAL STATION 


R 

O.27D0OE4O2 
0.28000E402 
b.2900"0E402 
0.30000E402 
0.30750E402 
_0. 31750E4O2 
o: 327ME402 
0.33750E402 


DISPUCEMENTS VS. CHORDMISB LOCATION 
AT IMPACT RADIUS 


' "' 5? ' IN-PUNE OUT-OF-PUNE 

0*0 0.X53X9E+00 -.25159E400 

0.6000DE400 O.X4825E40O -.23705E400 


OISPUCEMENfs '“' ■■■ RADIAL 

IN-PLANE 0UT-OF-PLANE4t«*LED-EDG 

0.611S8E-01 -.68930E-OX Hit 0.11510E405 

A*756S3E-pi -.82111E-0X ** 0.96758E+04 

0.90118E-0i -.9S29'6E-0i hm 0.89649E404 

0.XD458E4O0 -.X0847E400 Hit 0.85199E404 

0.1X543E400 -.11835E+00 hh 0.81767E404 

-.13153E400 0.71316E404 

O.i44jdl'4O0 -‘.i4471E40O HH 0.60978E404 

0.15683E400 -.15789E400 0.S0258E404 


BENDING STRESS 

CHD-PNT 

0.11510E405 

0.96758E404 

0.89649E+04 

0.85199E404 

0.81767E404 

O.71316E404 

0.60978E404 

0.50258E404 


TRL-EDG 

0.11510E405 

0.96758E404 

0.89649E404 

0.65I99E404 

0.81767E404 

0.7X316E404 

0.60978E+04 

0.502S8E404 


:0.3075E402 

I.6180E404 

I.6180E404 

I.6180E404 

'.6160E404 

.6160E404 

.6180E404.... 

.6ia0E4Q4 

.6180E404 

.6180E404 

.618OE404 

.6180E4Q4 

.6160E404 

.S180E404 

.6180E404 

.6180E404 


_ 0.12000E+01 
o.ieoooE+oi" 
0.24000E401 
0.30000E«01 
. 0.36000E'i-01 
O.^EOOOEtOl' 
0 .<) dOOOE «01 
0.54000£»0i 

Pt . 6 :? 5 flOE + fii ,„ 

0.72:»OOE+Ol 
0.62500E401 
0.92500E401 
._.0..10.0.00E+02 . . 


0.X42O1E+OC 

0.15577E+00 

0.12954E+00 

0.12330E«00 

0.11706E400 

0.11C82E+00 

0.10458E400 

0.9B344E-01 

,......0,895Q7Erpa,. 

O.79UOE-01 

0.6Q712E-01 

0.56315E-01 

0.49217Er01- 


-.2Id68E400 

-.20031E+00 

-.16194E+00 

-.16357E400 

-.14521E400 

-.12684E400 

-.i0847E400 

-.90102E-01 

-.6408'JE-01 

“.33467E-01 

-. 2 eS 3 «» E -02 

0.27760E-01 

._0.54S46Er01 


STOESSES VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


0.0 

0.6000E+00 

0.1200E401 

0.1800E401 

0 , 24 F 0 E + 0 i ' 

0.3000E401 

0.3600E401 

Os 42 aOE 401 

O . 4 d 0 bE 40 i 

0.5400E401 

Q.6250E401 

0.7 250E401 

o.eesoEfdi 

0.9250E+01 

0.1DOOE402 


.«R=0.2900E402«R= 
« 0 ". 3703 E 4 b 5 »i 0 
« 0.3703E405 
* 0.3703E+05 
^ 0.3703E405 


» 0.3703E405 
M 0.3703E+05 
» 0.3703E+05 
« 0.3703E+05 0 

M 6.3703E40S » 0 
« 0.3703E405 •* 0 
« 0.3703E405 M 0 
^ 0.3703EtpS «_0 
« d.3703E405 » d 
* 0.3703E405 H 0 
« 0.3703E+05 » 0 


STRESS-X 
0 . 3 OQOE 40 ^ HR = 
.3462E405 « 0 
.3462E405 « 
.3462E405 « 
.3462E405 H 
. 3462 E 4 d 5 » 
.3462E405 M 
.3A62E405 ^ 
.3462E+0S 
.3462E405 n 
.3462E405 « 
.3462E405 if 
.3462E405 if 0 
.3462E4d5 w d 
.3462E405 « 0 
.3462E405 a 0 


0,._3075E+02 

. 3266 E 405 

.3280E405 

.3280E405 

.3280E405 

.3260E4b5 

.3260E405 

3280E405 

.3280E405 

.3280E405 

.3260E405 

.3280E405 

.3280E40B 

. 328 dE 4 ds 

•3280E405 

.3280E405 


« R = 0 . 2900 E 402 «Rs 
» 0.8965E+04 # 0 
a 0.8965E+04 » 0 
« 0.89&5E4Q4 « 0 
0,B965E40^ » 0 
if 0.8965E404 » 0 
« 0.6965E404 a 0 
a 0.6965E404 » 0 
.» 0.8965E404 » 0 

* 0.8965E404 »'o 

• 0.8965E404 * 0 
fi 0.6965E404 « 0 
a 0.8965E404 « 0 
a 0.8965E404 n 0 
a 0.8965E404 m 0 
a 0.8965E404 *» 0 


STRESS-Y 
0.3000E4Q2itRs 
.6520E404 a 0 
.8520E404 a 
.6520E404 w 
,8520E404 M 
.6520E404 « 
.8520E404 « 
.8520E404 « 
.3520E404 * 
.8520E409 a 
.8520E404 K 
.8520E404 a 
.8520E4Q4 a 
.8S20E+04 a 
.8520E404 « 
.8520E404 a 


0.307SE402 

•8177E404 

.6177E404 

.6I77E404 

.8177E404 

-8177E404 

.8I77E404 

.8177E404 

.8177E+04. 

.8177E+04 

•8I77E+04 

8177E404 

.S177E404 

8177E404 

8177E404 

6177E404 


i(R=0.2900E402HRs 
« 0.876BE404 « 0 
» 0.6785E404 » 0 
a 0.8785E404 « 0 
a 0.878BE404 « 0 
a d.8765E404 » 0 
» 0.8785E404 a 0 
* 0.8785E404 a Q 
». 0.8785E404 4f 0 
« 0.8785E404 W 0 
K 0.8785E+04 * 0 
« 0.8785E4-04 « 0 
a 0.6785E404 * 0 
« 0.878SE404 *f 0 
» 0.S7e5E404 » 0 
4f 0.8785E404 a 0 


SHEAR-XY 
0.3000E+02«R= 
.8783E404 a 0 
.8783E404 a 
.8783E404 « 
.87B3E404 a 
.87638404 a 
.6783B404 it 
.8763E404 »» 
.8783E404 
.87838404 
.87838404 
.87838404 
.67838404 
.87838404 
.8783E404 
.8783E404 


0.307SE402 

.6781E404 

.876IE404 

.S78IE404 

.8781E404 

.8781E404 

.8761E404 

.8781E+04 

.8781E+04 

.8781E404 

.878184-04 

.87818404 

.B781E404 

.67818404 

87818404 

6761E404 


TII1E=0,244121E~01 SEC 

OISPUCEMENTS Af«3 BENDING STRESSES VS. RADIAL STATION 



DISPLACEMENTS 


RADIAL BENDING STRESS 


R 

IN-PLANE 

0UT-0F-PLANE4H»»tLED-EDG 

CHQ-PHT 

TRL-EDG 

0.27dddE402 

-.USlSE4d6 

0.10322E466 


0.49779E404 

0.49779E404 

9.49779E404 

0.2SOOOE402 

-.16981E400 

O.16170E400 


0.48937E+04 

0.469378404 

0.48937E404 

0.29000E402 

-.22446E400 

0.220I6E400 

4fK 

0.42977E4Q4 

0.42977E404 

0.42977E404 

0.30000E402 

-.27912E400 

0.27665E400 


0.39187E404 

0.39167E404 

0.391878404 

0.30750E402 

-.320llE+d0 

0.32251E400 

4»» 

0.36370E404 

0.36370E404 

0.36370E404 

0.31750E402 

-.37476E400 

0.36Q98E400 

Htf 

0.27497E404 

0.27497E404 

0.27497E404 

0.32750E402 

-.42942E400 

0.43946E400 

KM 

0.18760E404 

0.18780E404 

0.18780E404 

0.33750E4Q2 

-.484082400 

0.49793E400 

MM 

O.10946E404 

0.10948E404 

0.10948E404 


DISPLACEMENTS VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


X 


IN-PLANE 


OUT-OF-PLANE 


N5 

N) 

I 


o.606bdE+d6'" 

0.12000E+01 
o.ieoooE+01 
. P.24000E+01 
0.30000E+01 
0.36000E+01 
0.<i2000Ef01 
.....Q.$eqooE+oi 
0.54000E+01 *' 
0.62500E+01 
0.72SOOE+OX 
..O.jB2500E+01 
0.92SOOE+O1 
0.10000E+Q2 


“.24081E+00 
-.24'«70E+00 
“.2‘»962E+00 
-.25453E+00 
“.25945E+00 
--26437E+00 
“.26928E+00 
-.27420E+00 
r-27912E+0p 
“.28403E400 "" 
‘.29100E+00 
••29920E+OP 
'.30739E400. 
•♦31539E+00 
•32276E+00 


0.32a53E+00 
0.32346E4OO 
0.31706E+00 

O. 31066E+00 

P. 30425E+00 
0.29765E+O0 
0-29i4SE+00 
0.26505E400 

,..-Q.27a65E+00 
0.27225E+00 ' 
C.263iaE+00 
0.2S251E+00 
..0..24185E+00 
0-231iaE+00 
O.22I84E40O 


X 

0.0 n . 

J).«.60pp_E+Op » - 

0.1206E+0l"«'t 
0.18POE40X M - 
O.29O0E+OX » - 

O^pqpE+01 w - 

0.3600E4di-« . 
0.4200E+01 « - 

0.4a00E+01 « - 
__ Q.540QP *fii « _ 
0.6250E+01 ♦f"- 
0.7250E+01 # - 
0.8250E+01 it - 
....P,?25pE+01 *t 

o.iodoE+02 'iv; 


“0.2900E402«R 
• 3742E+05 ii 
-i-5Ift2E*05 it . 
■5742E+d5 » - 
.3742E+05 n - 
.3742E+05 it - 
••5T92E+Q5 if - 
•3742E+05 
• 3742E40S if ~ 
•3742E+05 a - 
A374g.E+p5 H - 
.3742E+0S » - 
3742E+05 if 
3742E+05 if 
-?79_2B+ps Jf 
3742E405 it ■ 


STRESS-X " ~ 
“0.3000E+02WR 
••3501E+05 » 
r..?j55piE+05 « . 
'•SSPlE+ds'Vi 
■•3501E40S » . 
.3501E+05 » - 
•3501E4Q5 it - 

•3501E+05 n - 

•350IE405 N . 
♦3501E405 « - 
•.35.91E_405jf 
• 3501E405 
3501E405 « > 
3S01E405 n 
3,SpiE4ps _* 
3S01E405'» 


=0.3075E4P2 
•.3518E405 
•.i331BEtp5 
•.33ieE4bs 
•3316E405 
•3318E405 
..._33iaE405 
.3318E4P5 ■■ 
•3318E405 
• 3318E40S 
-•J318B40S_ 
.3318E+65 ” 
•3318E405 
3318E405 
..33Z8E405 
3318E405 


STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 

STRESS Y 

.» P.4298E.04 « 0 I ' 

* 0.929SE.09 « 0 3919^04 J »-3S37E.09 
« 0.9E98E.09 « 0.3919eIm I 
» 0.98988*08 8 0 3«9E*04 t ^3«7E*09 

0.92988*09 « O. 3 S 9 I 04 » 

« 0.A298E404 » ft iaVof « 0.3637E40A 

* 0.429824?^ : 0.3«9Em t 

* 0.4298E+04 H 0.3919l4nl t 

* 0.A298B40A » 0 ! J.3637E404 

« O.A298E40A » 0 5? 0-3637E40A 

* 0.92,88*04 . o;3«,1:o° 4" o°-SS“'" 

« 0.A298E+0A » 0 3919IIS4 ! 0-3637E+0A 
.« 0.A298E40A « 0 Sgilf+Sl 1 °-J^37E+04 

* « o“;iijii:st : iiitmz 


n 

n 

it 

K 

« 

41 

» ~ 
U - 
« - 
« - 
it - 
a 
it 


=0.2900E402«R 
-.7571E40A * 

■ 9.7571 E40A » - 
-.7571E40A i - 
■♦7571E40A n - 

• 7571E40A it - 
•7S71E40A » - 

• 7571E40A - 

•7571E+0A » - 
•7571E40A H - 
•7S71E40A » - 
•7571E40A » - 
7S71E40A tf - 
7571E+0A « 
7571E40A » 
7S71E40A » 


SHcAR-XY 
'=0.3000E402i 
••7S69E404 i 
l..,7569E40A i 
•.7S69E404 * 
•7569E40A a 
.75&9E40A *1 
• 7S89E40A it 
.7S69E4pA» 
.7569E40A n 
•7S69E404 » 
•.7569E40A *f 
■7569E40A M 
7569E40A n 
7569E40A it 
7569E4 0A if 
7569E40A if 


TIME=0.273109E-oi'SEC 


DX3PUCH«8H7S 4N0 8EN8IN8 STRESSES VS. R4S«E STATIOR 


0.27000E402 

__p.260^00E402 

Or29000£4p2"' 

0.30000E4P2 

0.30750E402 

0.31750E402 

0.3 2 75 Of* or “ 

0.33750E402 


Tu r,, ^^SPLACEMEtTfs - ... 

-T47503E40P- 0.31391E40S 
“.55610E400 0*39ftI?f!JJ 0.2828AE40S 

-.61690E4OO . o‘a39iJp!JJ 0.26330E40S 

-^60108*00 o;S- O_.XS879E*0S 


0. 35796 E405 

0.31391E405 

0.28284E405 

O.26330E+0S 

0.2A831E405 

0.20235E405 

0.1S674E40S 

0.11228E405 


TRL-EDG 

0.35796E405 

0.31391E40S 

0.282aAE405 

O.2633OE405 

0.2A831E405 

0.20235E4Q5 

O.1S67AE405 

O.11228E405 


OISPUCEHEOTS vs. CHORDWISE "location 

AT IMPACT RADIUS 


=*0.3075E402 
.7567E40A 
• . 7587E+0A__ 
■.7S67E404 
'•7567E4PA 
’.7567E40A 
•7567E4PA 
.7567E40A 
.7567E40A 
.7S67E40A 
.7567E40A 
■7S67E40A ' 
7567E+0A 
7S67E4pg 
7567E40A 
7567E40A 


.X_. KR=( 

0.0 » 
0.6000E‘«-00 » - 
O.I200E+01 » - 
0.1600E+C1 - 

o.’acfOOEfOl « - 
0.3000E+01 » - 
0.3600E+01 * - 
0*.^2PQEtpl 

o. ^sooE+bi « - 
0.5400E+01 # - 
0.6C50E+01 * - 

p. 725pE*01 w - 
b.sssoE+oiT - 
0.9250E+01 « - 
O.lOOOEfOS » - 


R 

bT27bodE+62 
0.26000E402 
0.290Q0E+O2 
0.30000E+02 
b.3075CE + 62' 
0.31750E+02 
0.32750E+02 
0.337S0E+02 


X 

IN-FLANE 

OUT-OF-PLANE 

0.0 

-.47957E400 

0.33444E400 

0.60000E400 

-.48735E400 

0.34009E+00 

.. .... 0.12000E401 

-.49717E400 

0.34724E400 

0.18000E401 

-.50699E400 

0.35438E400 

0.24000E401 

-.S16S1E400 

0.36153E400 

0.30000E401 
0.3600f)F4m 

-.52663E400 

0.360676400 

0.420COE401 

-.546266400 

0.38296E400 

0. 480006401 

-.55610E400 

0.39011E400 

O.54QO0E401 

-.56592E400 

0.39725E400 

— — O.62EO0E401 

. .. -.579S3E400 

.. .0.40730E+00 

0.72500E401 

-.59620E400 

0.4192QE400 

0.82500E401 

-.612S7E+00 

0.43119E400 

0.925006+01 

-.62894E4O0 

0.44310E400 

- . 0.10000E402 

-.64326E400 

0.45352E400 


— - - - - .. STRESSES VS. CHORDWISE LOCATION 

AT IMPACT RADIUS 


STRESS“X STRE^S^Y 

?R=0-2900E+02«R=0.3000E+02<<R20.307S£+02 

.3226E+05 « -.3000E+05 -.2826E+05 


.3226E + 05 ^ -'.3000E405 ^ -.28C6E+05 
.3226E+05 * -.3000E405 » -,2fi28E40S 
. 3226E405 «„-.300p,E+P5 * -.2826E405 
.3226E405 * -.300bE4b5 -.28Q8E405 
.3226E405 ff -.3000E405 » -.2826E405 
.3226E40S « -.3000E405 * -.2828E405 
,322<&E405 Jf._-,3POOE*05,_«...-,28C6E405 
3226E405 * -.3000E405 * -.2826E405 
3226E40S « -.3000E405 if -.2628E40S 
3226E405 * -.3000E405 « -.282SE405 
3226E405 * -.3000E405.*.-,28C8E405 
3226E405 if -.3000E40S *f -.282SE40S 
3226E405 if -.3000E405 * “.2828E40S 
3226E405 if -.3000E40S « -.2828E405 


if 0.28C8E405 if 0.2633E405 * 0.2483E405 
if 0.2828E405 if 0.2633E405 h 0.2483E40S 
if 0.2828E405 * 0.2633E405 if 0.2983E40S 
....if O.2626E405 » 0.2633E405 * 0.2A63E405 
0.2828E405 if 0.2633E405 » 0.2483E405 
0.2628E405 if 0.2633E405 * 0.2463E405 
if 0.28C8E40S M 0.2633E405 0.2483E405 

if 0.28C8E405 » 0.2633E405 » 0.2463E405 
if 0.2828E405 » 0.2633E405 « 0.2483E405 
» 0.282SE405 if 0.2633E405 if 0.2483E405 
« 0.2828E405 * 0.2633E405 * 0.2403E40S 
» 0.2628E405 # 0.2633E405 »f 0.2483E405 
« 0.2828E405 if 0.2633E405 * 0.2483E405 
if 0.282£E405 « 0.2633E4C5 » 0.2483E405 
if O.20£8E*O5 if 0.2633E405 if 0.2483E405 


SHEAR-XY 

«R.=0 . 2900E402ifR=0 . 3000E402«R=0 . 3075E402 
if -.S331E404 if -.3330E404 « -.3330E404 
if -.3331E404 if -.3330E4Q^ » “.3330E404 

* -.3331E+04 * -.3330E404 if -.3330E404 
w -.3331E404 if -.3330E404 » . 5330E404 
if -.3331E404 if -.3330E404 it -.3330E404 
» -.3331E404 » -.3330E404 « -.3330E404 
if -.3331E404 if -.3330E404 if -.3330E404 
if .-.3331E404 * -.3330E404 * -.3330E404 
if -.3331E404 it -.3330E404 « -.3330E404 
if -.3331E404 * -.3330E+04 if -.3330E404 
if -.3331E+04 it -•.3330E+04 if -.3330E404 
^ -.3331E+04 if -.3330E+04 « -.3330E404 
if -.3331E+04 if -.3330E404 * -.3330E+04 
if -.3331E + 04 if -.3330E404 if -.3330E404 

* -.3331E+04 * -.3330E404 if -.3330E+04 


TIHE=0.302097E-01 SEC 

DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


DISPLACEMENTS RADIAL 

IN-PLAHE CUT-OF-PLANEifitifLED-EDG 

0.146886400 -.136976400 «if -.12667E405 

0.16321E+00 -.14404E400 -.11402E+05 

0.17954E400 -.1S112E+00 if* -.10084E405 

0.I9S67E400 _ “.15S19E400 ** -.92564E404 

0.208lCE40b -.16349E400 *# -.86191E404 

0.22445E400 -.170576400 ** -.66709E404 

0.24078E400 -.17764E400 *» -.47477E404 

0.2S712E400 -.18471E400 ** -.29183E404 


BENDING STRESS 
CHD-PHT 
-.12667E405 
-.n402E405 
-.10064E405 
-.92S64E404 
-.86191E404 
-.66709E404 
-.47477E404 
-.291S3E404 


TRL-EDG 

--12667E405 

-.11402E405 

-.10084E40S 

-.92564E404 

-.86191E404 

-.66709E404 

-.47477E+04 

-.29163E404 


o o 

hj S 

gg 

a 




> 

o 

K 


ca 


PISPLACEHENTS VS. CHORDHISE LOCATION 
AT IMPACT RADIUS 


I 

I 


X 

0.0 

0.60000E400 

0.1Z000E4-O1 

o.iaoooE^oi 

..O.S^OOOE+Ol 

0.30000E-f01 

0.360D0Ef01 

0.^2000E+01 

0..<i8.000E+Ol 

0.54000E+01 

0.62500E401 

0.72S00E+01 

0.82500E+01 

0.9S500E*01 

O.lOOOOE-f-02 


IN-PLANE 
0.26705E+00 
0.27779E+00 
0.26609E+00 
0.25438E4-00 
...P.2<^26SE*00 
O.23098Et00 
0.21928E'»00 
0.20753E-i-D0 
. 0.19SS7E+00 
0.18417E*00 
0.167S9E+00 
0.14d09E400 
0.128S9E+00 
0.10908E+00 
0.92016E-01 


OUT-OF-PUNE 

-.39569E+00 

-.32678E+00 

-.3O269B+O0 

-.2786IE+00 

.,-.2S95CE+00 

-.230^4E+00 

-.20636E+00 

-.18227E+00 

..-.15819E+00 

-.13411E+00 

-.99987E-01 

-.59847E-01 

-.19707E-01 

0.20432E-01 

0.SSS54E-01 


STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


0.0 

Pi6000E+00 

0;1200E«bl 

0.1800E401 

0.2400E-f01 

_0j300pE+0i, 


0.3600Ef01 

0.420QEt01 

0.A600E4O1 

0.6250£-f01 

0.7250E+01 

0.8250E4-01 

0.9 g50E4Ql 

O.lobOE-fOS 


STRESS-X 

»<R=0 . 2900E+02«Rs0.3000e+02»R= 
^ 0.2863E405 « 0.2663E+05 » 0 
.» .^.2a63E+05 »..0.2663E+05 * 0 
0.2863E+6 s » .0.266 3Ef 05 h'o 
« 0.2863E405 » 0.2663E405 if 0 
» 0.2863E405 « 0-2663E405 if 0 
JL.0.r2e63l4p.S,»_0L.2663E405 « 0 
a 0.2863E405 * 0.2663E405 IT o 


H 0.2663E405 
a 0.2663E405 
».0,2663E405 
» o'. 26632405 
if 0.2863E405 
» 0.2G63E405 


0.2663E405 if 
0.2663E4Q5 « 
0.26631405 » 
b.26'63E405 M 
0.2663E405 m 
0.2663E405 


iL9t2fl63E405_*. fit.26.63E4qS 
« 0 . 2863E405 0 .2663E4b5 


0.3075E402 MR 
.2511E+05 M 
.,.25UE+05 » 
.2511E405 M 
.2511E405 
.25UE405 
...25UE+05 
.2511E465 
.2511E405 
.2S11E405 
.2511E405 
.25UE405 
.2511E405 
.25UE405 
.2511E405 
.25UE405 


M - 
M - 
« - 
« ~ 
a - 
« - 
M - 
» - 
tf - 
« - 
M - 
M - 


:0.2900E402«R 
-.1006E405 * ■ 
-.I008E405 *f ■ 
-.1006E405 M • 
'.1008E405 M • 
.1008E405 w • 
.1008E405 M ■ 
.1008E40S if ■ 
.I008E405 M • 
.1008E405 M . 
.1008E405 » - 
.1006E405 « • 
.1008E405 M . 
.1008E405 M . 
.1008E405 M - 


.1008E405 M . 


STRESS-Y 
:0.3000E402MR: 
•.9256E4Q4 « • 
••9256E409 M • 
•.9256E404 * • 
'.9256E4Q4 M . 
.92S6E40A « • 
.9256E40A M - 
.9256E404 M • 
.9256E404 M • 
.9256E40A 
.9256E404 
.9256E404 
.9256E404 
.9256E404 
.9256E404 
.9256E404 


:Q.3075E4O2 

•.8619E404 

•.8619E404 . 

'.8619E404 

■.8619E404 

-.8619E404 

■.8619E+04 

'.8619E+04 

.86I9E404 

.8619E404 

.8619E404 

.8619E404 

.8619E404 

.86I9E404 

.8619E404 

.8619E404 


^EAR-XY 

MR=O.29OOE4O2*R=O.3fl0OE4O2MR: 


« 0.1055E405 » 
M 0.1055E405 it 
» 0.1055E405 M 
« O.I055E405 « 
M O.1O55E405 « 
M 0.1055E405 » 
a 0.1055E405 M 
M 0.1055E405 « 
if 0.1055E405 » 
» 0.1055E+05 » 
» 0.1055E405 ft 
ft 0.1055E405 ft 
ft 0.I055E405 ft 
ft 0.1055E405 ft 
ft 0.10S5E405 ft 


0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
O.1055E+0S ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
0.1055E405 ft 0 
O.X055E405 ft 0 


TIME= 0 . 331 0 85E- 0 1 SEC 


DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


OiSPUCEMENTS RADIAL 

R IN-PLANE OUT-OF-PLANEftftMLED-EDG 

0.27000E402 0.18395E400 -.67796E-01 ftft -.25A94E40S 

0.2 600 0E402 0.27732E4QQ -.15719E400 ftft -.226S3E+05 

0.29000E402 0.37'069E400 -T24658E400 ftft -.20S55E+05 

0.30000E402 0.46406E400 -.33596E400 ftft -.19722E405 

0.3O7S0E402 0.53408E400 -.40302E400 ftft -.ia658E405 

0.31750E+02 0.6274SE400 -.49242E400 »ft -.16195E405 

a r32750'E40'2' ■0T720a2E4O0' - .58I81E40O ftft - : 13B26E405 

0.33750E402 0.8I418E400 -.67120E400 ftft -.10845E405 


BENDING STRESS 

CHD-PNT 

-.25494E405 

-.22653E4Q5 

-.20855E40S 

-.19722E40S 

-.18658E405 

-.1619SE40S 

-.13526E40S' ' 

-.10845E40S 


TRL-EDG 

-.2S494E405 

-.22653E405 

-.20855E405' 

-.19722E405 

-.18858E405 

-.16195E405 

-.13526E+05 

-.10845E405 


0.3075E402 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 
.1055E405 


245’ 


DISPLACEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


X 

0.0 

0.60000E4'00 

..0.12000E+01 

0.16000E4-01 

0.2AOOOE401 

0.30000E-f01 

.0.36000E+01 

O.-^ZOOOE+Ol 

o.AaoooE^oi 

0.5AOOQE+OI 

0.62500E+01 

0.7£500E-f01 

0.82500E-f01 

0.92500E+01 

0.10000E+02„ 


IN-PLANE 
0.28131E400 
0.29986E+00 
„0.32333E+00 
0.3A679E+00 
0.37024E+00 
0.39369E+00 
. O.A1715E+00 
0.4A060EiOO 
0.46406E400 
0.487S1E+00 
0.5207AE+00 
0.559338400 
0.59892E+00 
0.6380XE400 
..0.67222E+0D 


OUT-OF-PLANE 

-.12225E+00 

-.14397E+00 

.-.17I40E400 

-.19683E+00 

•.22626E400 

-.25369E+00 

..-.28112E400 

-.308S5E+00 

-.33590E4OO 

-.363«E*00 

-.40227E+00 

-.<^<^7988+00 

-.49370E+00 

-.53942E400 

.-•57942E+00 


I 


I 


STRESSES VS. CHORDHISE LOCATION 

AT IMPACT RADIUS 


X 

0.0 

0.6000E400 
0.1200E4QI 
0.1 600E4 01 
0.2400E + Cii 
0.30008401 
0.3600E401 
_O.A200E40JI 
0.43008401 
0.54008401 
0.62508401 
J.725OB401 
b.V256E4di 
0.92S0E401 
0.1000E402 


.«R=P.2900E402»‘R- 
« 0.10818405 *0 
« 0.1081E405 a 0 
0.1081E405 * 0 
»„0,1Q6IE*05 » 0 
Vb^ideiEfOss'o 

» 0.1081E405 M 0 
K 0.1081E405 « 0 
* 0.10818405 » 0 
« o.ioeiE4b5 * 6 
» 0.108IE405 * 0 
« 0.1081E405 a 0 
¥_0.10aiE405 « 0 
» O.i081E4O5 » 6 
« 0.1081E40S H 0 
0.1081E405 « 0 


STRESS-X 
0.3000E402MRS 

.ibaeEios « o 
.1028E4Q5 K 0 
.1028E4Q5 M 0 
?.l.P.2SE4p5 4f 0 
.10288405 » 0 
.1026E405 * 
.10268405 
.10288405 
.I026E405 
.1026E405 
.10288405 
.10288405 
.10288405 
.1028E405 
.10C8E405 


0.,307SE402 «R 
.9S69E404 n 
.9889E404 
.9869E404 
.9889E404 
.9889E404 
.9669E404 
.9889E404 
.9889E404 
.9839E404 
.9689E404 
. 98898404 
,9869E404 
.9889E404 
.9889E404 
.9869E404 


H - 

a - 

* - 
# - 
# - 
« - 
K - 
■» - 
« - 
■W - 

a - 
a - 
» - 


:0.2900E402wR 
-.20B5E405 H 
-.20858405 
•.2085E405 
.206SE405 
.2085E405 
.2065E405 
.2085E405 
.2085E405 * 
.2065E405 » 
.2085E405 « 
.2085E405 « 
.2085E4D5 * 
.20B5E405 4f 
.2O85E405 « 
.2085E405 « 


STRESS-Y 
=0.3000E402KR: 
-.1972E405 * • 
•.1972E40S 
-.1972E+05 
'.1972E405 
•.1972E405 
'.1972E+0S 
•.1972E405 
-.1972E405 H 
•.1972E405 » 
••1972E405 * 
•.1972E405 « 
•-1972E405 » 
-.1972E405 » 
.19728405 » 
.19728405 « 


0.3075E402 «R 
.1886E405 n 
.1886E405 
.18S6E405 
.1866E405 
.1886E40S 
.1886E405 
.1886E405 
.1866E405 
.1686E405 
.1666E405 
.16S6E405 
.1886E405 
.16868405 
.18368*05 
-1886E405 


M - 


=0.2900E*02«R 
-.26288404 » 
-.26288404 
-.2628E404 
-.2628E404 
-.2626E404 K 
-.26288404 n 
-.26288*04 « 
-.2628E404 
-.26288*04 » 
-.2628E*04 
.2628E*04 
.26288*04 
.2628E404 
.2628E404 
.2628E4Q4 


SHEAR-XY 
0.3000E402«R: 
.26288*04 « - 
.26288*04 ** - 
-.26268404 « • 
.26288*04 
.26288*04 
.2623E404 
.262SE*04 
.2628E*04 
.26288*04 
.2628E*04 
.£6£8E*04 
.2628E*Q4 
.2628E*04 
.26268*04 
.2628E*04 


TIME=0. 3600738-01 SEC 

DiSPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


DISPLACEMENTS RADIAL 


R __ IN-PLANE 

0.270008*02" 0736 047E-0 2" 

0.230008*02 O.46539E-01 

0.290008*02 0.844728-01 

0.300008*02 0.122418*00 

0.307508*02 0.150868*00 ' 

0.317508*02 0.186798*00 

0.327508*02 0. 226728*00 


OUT-OF-PLANE4W*LED-EDG 
0.4U58E-Oi w* -.767678*04 
0.228268-03 ** -.66244E*04 
-.40701E-01 »* -.65411E404 
-.816318-01 »» -.636138*04 
--11233E400 «4f -.622738+04 
-.153268+00 »» -.580618*04 
-.19419E+00 *» -.53680E+04 


BENDING STRESS 

CHD-PNT 

-.76767E+04 

-.68244E+04 

-.65411E+04 

-.63613E+04 

--62273E+04 

--58061E+O4 

-.536BOE404 


TRL-EDG 

“.76767E+04 

-.68244E*04 

-■.6S4UE+04 

-.63613E+04 

-.622738+04 

-.58061E+O4 

-.S3680E+04 


'0.3075E+02 

•-2627E+04 

-.2627E+04 

-.2627E+04 

-.2627E+04 

.26278*04 

’.2627E404 

.2627E+04 

.2627E+04 

.2627E+C4 

.2627E404 

.2627E+04 

.2627E+04 

.26278*04 

.2627E+04 

.2627E+04 


P..r33750e*02 _ p,26466E>00 


r.23512E400.«tt 


-.^8636E+0^i -,48636E*04 


DISPUCEMENTS VS. CHORDHISE LOCATION 
AT IMPACT RADIUS 




O.POoboE+bo 

O.X2000E+01 

0.18O0OE+OI 

--O.aAOOOE+OX 

0.30000E+OX 

0.36000E+OX 

O.A2000E+01 

O.A8000E+01 

O.SAOOOE+01 

0.62500E401 

0.72500E+01 

-.O.S2S.qOE+OI 

0.925O0E+0l“' 

O.lOOOOE+02 


in-plane 

-•7A963E-02 

0.5702AE-O2 

0.2237AE-O1 

0.390A6E-01 

-.0.5S7X6Er:0X 

0.72390E-01 

0.89062E-0X 

0.I0575E+00 

0.122A1E+0O 

0.13906E+00 

0.I6270E+00 

0.X90A6E+00 

...O.2le27E+0O 

0.2A606E+00 

0.27037E+00 


out-of-plane 

0.l0fl20E+0O 

0.8891AE-0X 

0.6A55XE-OX 

O.AOX88E-OX 

-.-O.1582‘»E-0X 

-.85398E-02 

-.3290AE-01 

-.57267E-PX 

T..8163XE-01 

--.10S99E+00 

-•X<>OS1E+00 

-•X61X2E+00 

_r.-22172E*00 

-.26233E+O0 

“.29786E+0D 


t 

N3 

TN 

f 


0*0 u 

0-6000E 4QQ » . 

0.1200E+01 m": 
0.I8OOE+01 U - 
0.2AOOE+OI » - 
_..P,30ppE*01 H - 
0.366bE40X J 
tl.'i200E*01 « - 
O.A800E+01 H - 
^-0.5 AOOE4Q1 _ 

0.62SbE+6l ~ 
0.7250E+01 « - 
O.fl2S0E+Ol * - 
. ^9250E+01 » - 
0.l6obE+62~'tf T 


=0.2900E+02«R 
•.X239E+05 « 
:.tl?.39E+05 
’.X239E+6 s - 

.1239E+05 *f - 
• 1239E405 - 

i.l239E+D5 _» - 
.1239E+05 a - 
■1239E+05 * - 
.X239E+05 » - 
.1239Etp5 * - 
-1239E+0S"»'- 
•1239E+05 » 
•1239E+05 » - 
1239E405 » - 


STRESS-X" 
=0.3000E402»R 
•.1I39E+0S * 
:.rI.139l;405 » . 
.11392405 
.U39E+CIS * - 
.1139E40S it - 
,1139E40S » - 
• X139E40y 
.U39E+05 H - 
•1139E405 » - 
..1139E405 » - 
1139E+05~«'- 
•1X39E405 » 
•1X39E40S » 
•JX39E405 4f 

.1139E405 » J" 


stresses vs chordwise location 

AT IMPACT RADIUS 


=0.3075E+02 «R 
-.1063E405 
^jq63E405 
•XD63E+6s 
•1063E405 
.1063E405 

.1P63E+05 

.1P63E405 
•1063E405 
•1063E405 
.1063E40S 
.1063E+OS 
.XO&3E405 
1063E405 
X083E405 
X063E405 


» - 

» - 
n - 
» - 
« - 
« - 

« - 
» - 
a - 


'=0.2900E4-P2*r 
-.65A1E+0A » 
■-.65iRlE40A « 
“.65^XE40A « - 
“.65AIE404 ¥ - 
".65AXE404 « - 
-.65AXE40A » - 

• 6SAIE40<* » ■« 

*65A1E+0^ ¥ - 
•6S41E404 ¥ - 

,6SAXE40^ w . 

.65A1E40A « - 
.85A1E40A « - 
•65AIE+0A » - 

.6SAXE404 ¥ - 
6541E404 ¥ - 


STRE5S-Y 
-0.3000E402WR 
-.636XE+04 ¥ 
-:.6361E+04 » 
~-6361E40^f » 
-.636XE404 it , 
.6361E404 ¥ • 
-6361E4P4 » . 
.6361E4P4 ¥ . 

•636XE404 ¥ - 

•6361E+04 H - 
•6361E4Q4 ¥ - 

•6361E+04 ¥' - 

'6361E404 » 
636XE404 ¥ «, 
636XE+04 ¥ 
6361E+04 ¥ 


=0.3075E4P2 «R 
-.6227E+04 * 
-.6227E404 
-.6227E+04 
■•.6227E+04 
-.6227E404 
■..6227E+04 
•.6227E+04 
•.6227E+04 
•6227E+04 
.6227E+04 
• 6227E4-04 
•6227E404 
6227E+04 
6227E404 
6227E404 


¥ 

» - 
¥ - 
¥ - 
¥ - 
¥ - 
K - 
¥ - 
A - 
¥ - 
¥ ~ 
¥ 

¥ 


-0.2900E402»R 
-.5993E404 ¥ 
r.S993E404 ¥ 
-.5993E404 * - 
“.5993E+04 ¥ - 
5993E404 - 

5993E+04 if - 
S993E+04 ¥ - 
.S993E404 if - 
.5993E+04 if - 

• 5993E+04 if - 
•5993E4Q4 jf - 

•5993E404 ¥ - 

• 5993E+04 if - 
■S993E404 ¥ -I 
■S993E404 ¥ -* 


SHEAR-Xy ■ 
'=0.3000E+02ii 
-.S992E4-04 if 
-.59925404 it 
-.S992E404 ¥ 
-•5992E404 ¥ 
-.S992E404 ¥ 

• 5992E404 it 
.S992E404 ¥ 

•5992E404 ¥ 

• 5992E404 if 
.5992E+04 ¥ 
.S992E404 if ' 
.S992E+04 ¥ 
S992E404 ¥ ■ 
S992E404 if . 
S992E404 if : 


TIME=6.389062E-01 SEC - • 

displacements ANO BENOINS STRESSES VS. RACIAL STATION 


0.27000E402 

0.28fi0OE4O2 

"c^Tz^mTor 

0.30000E402 

0.307S0E+02 


dispUcehents 

IN-PLAME OUT-nP oi At.,^ RADIAL 

- . 77A66E-01 0 

-.14329E400 0.70949e'oi ^ J-J£72-e*05 

-TSOVIOEiOff OMBmILoO "s 

-SEASREtOO oIaTap*;; »-5«78EtOA 

0.26065E400 mm 0.9S630E404 


bending STRESS 
CHO-PNT 
0.I27I7E40S 

0.U222E40B 
0.10436E405 
0.99378E+04 
0.95630E404 


TRL-EDG 

0.12717E40S 

0.11222E4O5 

0.10436E405 

0.99378E404 

0.9S630B404 


=0.3075E402 

-.S992E404 

•.5992E+04 

-.5992E404 

‘.5992E404 

•.S992E+04 

.5992E+04 

.S992E404 

.S992E+04 

.5992E+04 

‘S992E404 

.S992E404 

•S992E404 

S992E404 

5992E404 

5992E+04 


0..3175PE4O2 -.3901IE400 

0.32750E+02 “^5593E*00 ’ 

0.33750E+02 -.52175E+00 


_0.3296SEtp0 0.839^8E+04 
0.3986iE*do «« Oi72201E+0<i' 
0.96760E+00 »« 0.60232E+04 


0.83998E+04 0.8399BE+0^ 

0 , 72201E404 0. 72201E+09 

0.60232E+09 0.60232E+0A 


I 

NJ 

I 


DISPLACEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


_ _ 

X 

0.0 

0.60000E400 

- - - - -_..O.I2.0,0OE40X 

0.18000E40X 

0.24000E-I-OX 

0.30000E4DX 

IN-PLANE 

-.90709E-0X 

-.10943E400 

X3307E4G0 

-.15671E+00 

-.18035E4O0 

-.20400E400 

OUT-OF-PLANE 

-.32766E-01 

-.82I04E-02 

._.,O.22807E-OX 

0.53824E-0X 

0.8A842E-0I 

0.1I586E400 

• 

0.4200UE40X 

0.48000E401 

0.54000E40X 

>- P*$-25.00E4.QI_ 

0.725O0E40X 

0.82500E40X 

0.92500E40X 

-.2276AE400 
-.25X28E400 
-.27492B400 
-.296S7E400 
. ...r.33206E400 
-.37X47E400 
“.4X087E400 
-.45026E400 

.0.14688E400 

0.17790E400 

0.20891E400 

0.23993E400 

-.0.28387E4OO 

•0.33557E400 

0.38727E400 

O.43096E4OO 



•“•40475E4OO..^, 

...0,4B420E400 


— — - - -.STRESSES VS, CHOROWISE LOCATION 

AT IMPACT RADIUS 


» R = 


0.0 

0.6000E400 
0.1200E401 
_p,180pE+qi 
0.2A00E4OI 
0.3000E401 
0.3600E401 « - 
. 0,A200E401 » - 
O . A 800 E 40 r "* 
O.5AOOE401 it 
0.6250E401 « 
0_.7250E401_*J 
o . aasoE'ioi » 
0.9250E401 * 
0.1000E402 * 


STRESS-X ■ 
:Pj.S?J3.P |4J?..?l!!Rzfi •..?OfiP E+ Q2J»H = 

-.6990E403 * -.6D66E4d3 
-.6990E403 » -.8066E403 K - 
-.6990E403 » -.8066E403 » - 
-.i699pE4p3_f j:^.8P66E403 
-.6990E403 a -.o'o'66E+03’* - 
.6990E403 a -.8066E403 *5 - 
.6990E403 « -.8066E403 k - 
■.■6990E 4O3 H -.8066E403 » - 
•.6990E4O3 » -.8d66E+d'3’* - 
'.6990E403 a “.8066E403 * - 
.6990E403 « -.6066E403 * - 
,.6?90E403.»^.8066E403 » - 
.6990E403 « -.B666E4d3 «'- 
.6990E403 ^ -.8066E403 » - 
.6990E403 » -.8066E403 » - 


;0,3075E402 

■.69A7E403 

.8947E403 

.6947E403 

..S947E403 

.6947E+03 

.6947E+03 

.6947E403 

.8947E403 

.B947E403 

.8947E403 

.8947E403 

.0947E4O3 

.8947E403 

.69A7E403 

.8947E403 


J*R=0.2900E402»Rs 
it 0.10A4E405 » 0 
K 0.10A4E405 it 0 
a 0.1044E405 it 0 
.» 0.iq44E405 it 0 
« 0 .i 644E405 it 0 
♦t 0.1094E405 » 0 

* 0.1044E+05 » 0 
if 0.104AE405 * 0 
it O.IOA9E405 » 0. 
« 0.104AE405 K 0. 

* 0.10A4E405 it 0. 
it 0.1044E405 * 0. 
« O.1044E4O5 « 0. 
it 0.104AE405 it 0. 
it 0.104AE405 it 0. 


STRESS-y 
0.3000c402itR= 
.9938E404 it 0 
.9938B40A 
.9936E404 
.9938B40A 
.9938E404 
.9938E+04 
.9938E404 
.9938E404 
-9938E409 
.9938E404 if 
.9938E4Q4 K 
.9936E40A « 
9936E404 it 
9938E404 it 
9938E404 * 


O.3075E4O2 

.9565E404 

.9563E404 

. 9 ,^ 63 E 404 

. 9 Si : 3 E 404 

.9563E404 

.95615E404 

.956TE404 

.9563E40A 

956JE404 

9S63E404 

9563E404 

9S63E404 

9S63E404 

9S63E404 

9SS5E40A 


itR = O . 29 a 0 E 402 itR = 
it 0.63I8E404 it b 
* 0.631BE404 » 0 
it 0.6313E404 it 0 
it 0.6318E40A it 0 
it 0.63I8E40A it 0 
if 0.6318E404 « 0 
it 0.6316E404 it 0 
it 0.6318E40A if 0. 
it 0.63I8E404 it 0. 
« 0.63I6E404 « 0. 
it 0.6318E40A it 0. 
it 0.6318E40A it 0. 
it 0.6318E40A if 0. 
» 0.6318E404 if 0, 
it 0.6316E404 it 0. 


SHEAR-XY 
0.3000E402VR: 
.6317E404 it ( 
.6317E404 it t 
.&3X7E404 it ( 
.6317E404 it ( 
.6317E404 * C 
.6317E404 » t 
.6317E404 « C 
.6317E404 it C 
.63I7E404 if t 
.6317E404 it 0 
.6317E404 
.6317E404 
6317E404 
6317E404 
6317E404 


TIHE=0.418050E-01 SEC 

* biSPUCEMENTS AND BENDING STRESSES VS. ‘RAblAL' STATION' 


R 

P727fld«402 

0,26Q00E402 

0.29000E402 


dispucements radial 

_IN-PLANE OUT-OF-PLANEitSifLED-EDG 

-.2I6F6E400''-** •fl.lUSBB+OO an 0.31933E405 

~.28852E400 0.17479E400 0.27952E405 

-.36047E400 0.23770E400 itif 0.25360E405 


BENDING STRESS 


CHO-PNT 

O.31933E405 

0.27952E405 

0.25380E405 


TRL-EOG 

0.31933E405' 

0.27952E405 

0.25360E405 


t0.307SE402 
L631&E404 
I.6316E404 
U6316E404 
I.6316E404 
'. 6518 E 404 
.6316E40A 
.6316E404 
.6316E404 
.6316E404 
.63I6E404 
.63I6E404 
.8316E404 
.6316E404 
.6316E404 
.6316E404 


0.30000E+02 

0.307SbE*02' 
0.31750E+02 
0.32750E^02 
P^..93_Zj50t#01, 


><f3242E400 

,<f’8639E+0O’ 

55634E400 

63030E400 

.70Jg2Bf.t00 


30P60E+00 0 . 23763E+05 

0 . 3<i779Ef 00 "«» 0^ 22524E405 ' 
0.41069E+00 Hit 0.ia721E405 
0.47360E*00 0.14942E+05 

.-0..53&51E400 0.11221E405 


0.23763E405 

0.22524E4O5 

0.16721E405 

0.14942E405 

0<1X221E405 


0.23763E405 

0.22524E405 

O.Z8721E405 

0.14942E405 

O.,1122IE405 


I 

N) 

00 

I 


05:SP.WCEMBNTS...VS.....CHORDMISE_LOCATION 

AT IMPACT RADIUS 


X 

0.60000E400 

0.1200QE40X 

0.1QQOOE4O1 

0.240C0E+OX 

0.30000E401 

0.36000E401 

0.42000E+01 

— ..... -O.S$O.OOE+Ol 

0.54000E401 

0.62500E401 

0.72SOOE401 



0.92SOOE4OZ 

0.10000E402 


in-plane out-of-plane 

-.~“.31166E+0Q_ .._..0.15261E+00 

-.32393E400 0.16765E400 

-.33943E40O 0.18664E+00 

-.35493E400 0.20564E+00 

-.37042E400 .D.22463E400 

-.38592E400 0.24362E400 

- .A0142E400 0 . 26262E+00 

“.41692E400 0.28X61E400 

...r.432.42EtOO..., ,..,Q*30060E+00 
-.44792E400 0.31960E400 

-.46988E400 0.34651E400 

“.49S71E40(J 0.37816E+00 

. .-.52X55E400 . 0.40932E+00 

“.S4738E+00 0.4414BE+00 

-.56998E400 0.46917E4Q0 


STRESSES VS. CHORDWISE LOCATION 
AT IMPACT RADIUS 


X «R 
0.0 « 
-..PiA00.0E40p .» 
0.120bE40l’* 
O.I800E401 » 
0.2400E401 w - 

P.;5j[OOOE4pi_^- 

0.36POE40i it Z 
0.4200E+OX « - 
0.4800E401 ¥ - 
0_.S4p0E40;__«_- 
0.'625b£‘46l ¥ - 
0.7250E+01 ¥ - 
0.8250E401 ¥ . 
O.9250 E*01 ¥ - 
O.ZOOOE402’# - 


=0.2900E402«R 
~.U01E+05 » 

-.llOlE+05 » 
-.IIOIE+OS ¥ - 
-.llOlE+05 ¥ - 
.t_.1101E+05 ¥ - 
-.llOlE+OS i 
-.U0XE405 « 
-.1101E40S ¥ 
1.11P1E405 ¥ 
.iioiE+os'W 
.U01E405 ¥ 
.110XE405 ¥ 
.XZ01^405 « 
.iiaiE405 #■ 


STRESS-X 
=0.3000E402«Rs 
-.1025E405 ¥ - 
:.,1^25E405 ¥_. 
•.I025E405 ¥ - 
.1025E405 ¥ 
.1025E405 ¥ 
.^X0,25g4.05_» 
•.1025E405V 
'.I025E405 ¥ 
.1Q25E405 ¥ 
.XQ2SE405 ¥ 
.i025E*05 T 
.1025E405 ¥ 
.X025E405 ¥ 
.1025E40S_4» 
.1025E4bS '* 


0.3075E402 un- 
.9671E+04 * 0 
.-?671E+04 ¥ 0 
•.967IE404 * 0 
•9671E404 ¥ 0 
•967XE404 ¥ 0 
.•..967IE404 ¥ 0 
.9671E404"# 0 
.9671E404 ¥ 
.967XE404 ¥ 
.9671E404 ¥ 

.967iE4(i^ ¥ 

.9671E404 ¥ 
.9671E404 ¥ 
.967XE404 ¥ 
.9671E404 * 


0.2900E402«R= 
.2536E405 ¥ 0 
.2538E405 ¥ 
.2536E405 » 
.2538E405 ¥ 
.2538E405 ¥ 
.2536E405 ¥ 
.253SE405 ¥ 
.2538E405 ¥ 
2538E405 ¥ 
2538E405 ¥ 
2536E405 ¥ 
S536E405 ¥ 
2S38E+05 ¥ 
2538E405 ¥ 
2538E405 ¥ 


STRESS-Y 
0.3000E402«R= 
.2576E405 * 0 
.2376E405 ¥ 
.2376E40S ¥ 
.2376E405 H 
2376E405 
.2376E+05 
2376E405 
2376E+05 
2376E405 
2376E405 
2376E405 
2376E405 
2376E405 
2376F405 


2376E+05 ¥ 0. 


0.3075E402 

.2252E405 

.2252E405 

.2252E40S 

.2252E+05 

.2252E405 

.2252E405 

2252E405 

2252E405 

£252E40B 

2252E405 

2252E405 

2252E405 

S252E405 

2252E405 

2252E405 


SHEAR-XY 

«R=0.2900E402»R=0.3000E+02«R: 
¥ 0.1821E+04 ¥ O.Z820E404 « i 

* 0.1821E404 ¥ 0.1820E404 « l 

* 0.182XE404 ¥ 0.1820E404 ¥ | 

* 0.182XE404 ¥ 0.1820E404 ¥ ( 

* 0.182IE+04 * 0.1820E404 » I 
¥ O.I82IE404 ¥ 0.1620E404 » 0 

* 0.1821E404 « 0.1820E404 » 0 
¥ 0.1821E+04 » 0,18206404 ¥ 0 

* 0.1821E404 * 0.I820E404 ¥ Q 
¥ 0.1821E+04 ¥ 0.1820E404 ¥ 0 
¥ 0.1821E+04 ¥ 0.1820E404 ¥ 0 
¥ 0.1821B404 « 0.1820E404 ¥ Q 
¥ 0.1821E404 ¥ 0.1820E404 * 0 
¥ 0.1821E404 ¥ O.Z820E404 ¥ o 
¥ 0.1821E+04 ¥ O.Z820E4O4 « o. 


0.27000E402 


tlHEs0.447d38E-01 SEC 

^ DISPUCEMENTS and bending STRESSES VS. RADIAL STATION 

in-pu«t=™“?s:;u;e.;.led-edg , 

0.7GG0,H-01 


=0.3075E+02 

>.^820E404 

M820E404 

K1820Ef04 

I.I820E404 

M620E^04 

'.Xe20E404 

.1820E+04 

.1620E404 

.X620E404 

.X820E404 

.X820E404 

>1820E404 

.16206404 

.18206404 

I620E404 


I>.28000E4^02 0.1O653EfOO 
6.29066 e+02 ’ O'5725E+00 
0.30000E+02 0.16797E+00 
0.30750E+02 0.19101E+00 
0.,31750?+02 0.22173E+00 
0.32750E+02 0.25295E+00 
0.33750E+02 0.28317E4-00 


, ~r51367E-01 -^.15556E+05 
-.78560£-0i »« -'i 4251E+05 
-.I0B75E+00 »3f -.13424E+05 
-.12615E+00 »» -.127e9E+05 
..-.15334E+00 -.10843E405 
-.18053E+00 ** -.89O59E+04 
-.20773E+00 »» “.69689E+04 


•-.15568E405 -.15568E405 

-.14251E+05 ‘-.i4251E+05 

- .13424E+05 - . 13424E+05 

-.12769E+05 -,12769E+05 

-.10843E+05 . -.10843E+05 

-.890S9E+04 -.890S9E+04 

-.696B9E+04 -.69689E+04 


DISPLACEMENTS VS. CHORDMISE LOCATION 
AT IMPACT RADIUS 


X 

IN-PLANE 

OUT-QF-PLANE 

“* *" **■**’ **" *^ *** **•* 

0.0 

0.961S2E-0I 

0.49610E-02 


0.60000E-I-00 

0.10348E4-00 

-.627O5E-02 






0.18000E+01 

0.12190E+00 

-.34694E-01 

- - — • 

0.2AOOOE4-OI 

0.13U1E+00 

-.48906E-01 


0.3UOOOE-401 

0.14O33EiO0 

-.63117E-01 


— 0.36000E+01. 

..0.149B4E+OO 

_-.77329E-0I 


0.42000E+01 

0.15875E+00 

“.91541E-01 

ss 

0.48000E401 

0.16797E+00 

-.10575E+00 

s 

0.54000E*01 

0.177I8E+00 

-.11997E+00 


- 0.62500E+01 

0.19023E4-00 

-.ictniOF^-nn 

0.72500E-401 

0.20559E-400 

-.163795*00 


0.82500E+01 

0.22094E+00 

-.10747E+OO 


0.92500E401 

0.23630E-400 

-.21116E400 

t* 

— _ __ ..... .... _ ._.0,,,10QOOE+02. 

., 0.24974E+00 

-.231G8E+00 

- - r«H -rO — 


.. • vw . V . • fa-f 7 f -rwx vw . ^ 



eJ 

STRESSES vs, CHORDWISE LOCATION ^ 

AT IMPACT RADIUS ” ' M 


0.0 

0.6000E400 
0.1200E401 
_0^180pe401 

’"o.'’2466E4Di 

0.3QOOE401 
0.3600E401 
0.4200E401 
' o^AaobE+oi 

0.5400E401 « 
0.62SOE+01 » 
0.7C50E+01 
o^essoE+bi i - 
0.92S0E+O1 » - 
0.1000E402 « > 


.*P 

H 

H 

W 

H 

H 

n 


H - 


0.2900E402J(R 
.7i52E+b4 tf 
.7152E404 » 
.7152E404 » 
,7152E405|; » 
•7152E404 » 
.7I52E404 * 
.7152E404 « 
.71S2Ef04 « • 
■.7152E4b4 
.7152E404 
.7152E404 
.7152E404 
.7i52E4b4 
.7152E404 
.7152E404 


STRESS-X 
rp.3000E402tfR 
-.6668E404 
-.6668E404 * 
-.A&68E404 » 
-.86$dE404 tt 
'.6668E+b4 «" 
'.666SE404 M 
-.6668E404 K 
:.6668E+p4 * 
'.6668E404 * 
-.6668E404 * 
-.66682404 44 . 
-.6668E404 44 - 
•.6668E+04‘ » - 
•.6668E404 44-- 
•.6666E40A 44 - 


'0..3075E+02 44R: 
■.6299E404 i • 
•.6299E404 
•.6299E+04 
.6299E404 
.6299E404 
.6299E404 
.6299E404 
.6299E-TQ4 
"16299E404 
.6299E404 
.6299E404 
.6299E404 
.'6299E404 
.6299E404 
.6299E404 


:0.2900E40244R 
•.142SE405 » 
•.142SE40S 
.142SE405 
.1425E405 
.1425E405 
.1425E405 
.1425E405 
.1425E40S 44 
.1425E4Q5 44 
.1425E405 
.1425E405 
.1425E405 
.1425E405 
.1425E405 
.1425E405 


STRESS-Y 
:0.3000E40244R 
-.1342E405 44 
-.1342E405 44 
•.1342E405 44 
■.1342E+05 44 
•.1342E+05 44 
•.1342E405 44 
•.I342E405 44 
•.1342E405 44 
•.I342E405 44 
•.1342E405 » 
'.1342E40S 44 
• 1342E405 44 
'.13A2E40S » 
.13A2E405 44 - 
.m2E*05 44 - 


=0.3075E*02 44R; 
•.1279E+0S 44 . 
.1279E+05 
.X279E+05 
.1279E+05 
.1279E+05 
.1279E+05 
.1279E+05 
.1279E+05 
.1279E+05 
.1279E+05 
.1279E+05 
-1279E+0S 
.1279E405 
.1279E+05 
.1279E+05 


0.2900E+0244R 
.3179E+0A 44 
.3179E+04 44 
.3179E+0A 44 
.3179E+0A 
.3179E+04 
.3179E+04 
.3179E+04 
.3179E+04 
.3179E+04 
.3179E+04 
.3179E+04 
.3179E+04 
•3179E+04 
.3179E+04 
.3179E+04 


SHEAR-XY 
=0.3000E4024(R 
-.3178E+04 44 
-.3178E+04 44 
-.3178E+04 44 
•.3178E+04 44 
•.3170E+O4 « 
-.3178E+04 44 
'.3178E+04 
'.3178E-404 
•.3178E+04 
•.3178E+04 
•.3176E+04 
•.3178E+04 
•.3178E+04 44 
••3178E*04 44 
'.3178E4-04 44 


0.3075E+02 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E404 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E+04 

.3177E+04 

•3177E+04 

.3177E+04 


TIME=0.476026E-01 SEC 

DISPLACEMENTS AND BENDING STRESSES VS. RADIAL STATION 


DISPLACEMENTS 


RADIAL BENDING STRESS 


■ 250 ' 


0.27000E+02 

0.26000E4'02 

0.29000E>02 

o.3oqpoe402 

0.30750E+02" 

0.31750E+02 

0.32750E4>02 

.P^3750E*02 


... ,IM-PUNE 
O.i5®E+06" 
0.22edlE+00 
O.29913E+0O 
0.36946E+00 
0.92220E+00" 
0.49253E+00 
0.56265E400 
-_...0^3318E+00 


.~9yi“QF-PLANE«*f»lEp-EDG 
- . 716biE-01 »» 1679CS+05 " ’ 

-.13765B400 Mif -.19996E+05 
“.2O370E+00 ifn -.13693E+05 
^“■:26979E+00 -.12903E405 

~.3192flE+00 -.12300E+05' 

“.3S532E+00 «» -.10992E+0S 
“.95137E+00 -.85S1OE+09 

■■~a51?92E.tQ 0 


CHD-PNT 

-.16790E46S 

•-.19996E4CI5 

-.13693E+05 

-.12903E+05 

-.12300E405' 

-.10992E+05 

-.65810E+04 

_.-.vP7286B+0<) 


_.TRL-EDG 
-.16790E405 
-.19996E405 
-.13693E40S 
. .-,.12903E405 
“.12300E405 
-.10992E405 
-.85810E409 
-..-.t672jB6E404 


-WS.PLACEMENTS VS. ...CHORDWISE, LOCATION 
AT IHPACT RADIUS 


-fl.O 

0.60000E4bb 

9.12000E401 

0.18000E401 

.-.P*240.qpE40X 

o.sbobbE+oi’"’ 

0.36000E4Q1 

O. 92000E4Q1 

P. t^S0OOE4Ol 

o.54bobE+oi 
0.62500E401 
0.72SOOE+01 
.0.82SO0E401 
0.92SboE+Oi’ ’ 
0.10000E402 


in-plane 

0.29672E400 
0.25919E400 
0.27<^99E400 
0.29070E400 
...,p.3069SE400 
0.32220E400 
0.33795E400 
0.35370E4Q0 
.. 0.36996E400 
0.38521E400 
0.40752E400 
0.43378E400 
.0.A80P3E400 
0.48628E400 

0.50926E400 


OUT-OF-PLANE 
-.T..14044E+C0 
-.15558E+00 
-.17017E+O0 
-.18677E400 
. _--20336E+00 
-.21996E400 
-.E3655E4O0 
".25315E400 
„.„“.2S97AE400 
“.28634E400 
-.30935E400 
-.337SIE400 

-.36516E400 

-.39282E400 

-.41702E400 


STRESSES VS, CHORDWISE LOCATION 
AT IMPACT RADIUS 


0.0 

O.SOOO E4QQ 


6.1200E401 

0.1300E401 

0.24D0E4O1 

0.3000E401 

" irrsbbbE+oi' 

0.4200E+01 

0.4800E401 

CT.5400E401 

0.7250E401 
0.8250E401 
0.9250E401 
■b.T0boE4^ • 


«R=0.2900E402«Rs 
^ 0.1691E+05 n 0 
..JL9-169IE405 » 0 


» 0.1691E405 a b 
^ 0.1691E405 M 0 
» 0.1691E405 « 0 
J»^.169IE405 * 0 
0.189rE40T<rs 
» 0.1691E405 a 0. 
* 0.1691E405 4* 0. 
^ 0.1691E405 a 0. 

•■ir-o.TOiii-eF*'©: 

H 0.1691E405 « 0. 
« 0.169IE405 » 0. 
^ 0.1691E405 u 0. 
■» ffVl^lETbS'l ”6“. 


STRESS-X " 
0.3000E402HRS 
1590E405 » 0 
.f.l5.9pE405_» 0 
.15961405 4*'“6 


.1590E405 « 0 
.1590E405 H 0 
.I590E405 * 0 
.1S90E405 »'b 
.1590E405 a 0, 
•159QE405 a 0. 
1S90E405 * 0. 
iS90E+0‘S 
1590E+O5 4? 0. 
1S90E405 * 0. 
1590E4O5 n 0. 
IS'^O'EiOg'it 0, 


0.3075E402 HR: 
.m4E405 » • 
151AE405 n ■ 

isiAE+bs" 

1514E405 
1S14E405 
15X4E^05 
i5X4B4bS 
X514E405 
15X4E405 
X5X4E405 
.1514E405 
X5X4E405 
1514E405 
X5X4E405 
l5X4'E4bS 


n 

a - 

4f - 
H - 

V - 

H - 
» - 
n - 

a - 
- 


*0.2900E4024»R: 
•.X369E405 n • 
•..1369E40S » • 
•.i3&9E405 « . 
-.X369E405 » • 
’.1369E405 n • 
.13S9E405 4 - 
.i369E4bS » - 
.X369E405 a - 
.X369E405 a - 
.1369E405 » - 
»X369E40S 44 - 
.X369E405 a - 
.1369E405 4( . 
.X369E4Q5 n - 
;i369E40S 4» - 


stress-y" "■ 

=0.3000E4024<R 
-.X290E405 ff 
-.X290E405 « . 
•.X290E405 *"■ 
-.X290E405 a ■ 
-.1290E405 4f . 
’.1290E405 « . 
.129QE405 * • 
.1290E405 4f . 
.1290E405 » - 
•1290E4O5 
.1290E405 
.1290E4O5 
.1290E405 
.1290E405 
.1290E405 «■- 


=0.30755402 HR 
•'.1230E405 a 
-.X230E405 
-.X230E405 
'.X230E405 
-.1230B40S 
-.X230E405 
-.X230E405 
'.X230E405 
.X230E+05 
.1230E405 
'.1230E405 
.1230E405 
.1230E405 
.X230E405 
.X230E405' 


41 

H 

H 

4f 

44 

44 - 
44 - 
44 - 
44 - 

« L 

44 - 
44 - 
44 - 
44 - 


'0.2900E40244R 
-.4395E403 44 
:.4395E403 44 
.439SE403 44 
.4395E+03 44 
.439SE+03 » 
.439SE+03 « 
.4395E+03 44 - 
.4395E+03 4t - 
•4395E+03 44 - 
.439BE+03 44 - 
.439BE+03 44 - 
.439BE+03 44 - 
.4395E-403 44 - 
.4395E403 44 - 
.43555+03 44 ■- 


SHEAR-xr ■■■"■ ‘ 

:0.3000E+024IR: 

-.4396E+03 44 - 
'.4396E+03 J4 - 
•.4396E+0'3 44"- 
•.4396E+05 44 - 
’.4S9SE+b3 44 - 
•.4396E+03 44 - 
.4396E+03 44 - 
.4396E+03 44 
.4396E+03 44 
.<i396E+03 44 
.<4396E+03 44 
.4396E+03 44 
.4396E+03 44 
•4396E+03 44 
.4396E+03 H 


=0.3075E+02 

'.4397E+03 

■•4397E+03 

.«97E+03 

.4397E+03 

.4397E+03 

.4397E+03 

.4397E+03 

'.4397E+03 

'.4397E+03 

.4397E+03 

.4397E+03 

.4397E+03 

.4397E+03 

•4397E+03 

.43975+03 


TIHE=0.B05014E-0r SEC 

DISPUCEHENTS AND BENDING STRESSES VS. RADIAL STATION 





biSPLACEMENTS ~ RADIAL BENDING STRESS 

R IN-PLANE OUT-OF-PLANE*«^^LEa-EDG CHD-PNT TRL-EDG 

0.27000E+02 0.42755E-01 -.3^f927E-01 -.40075E+0^ -.40075E+04 -.^0075E+04 

_,0..280pOE+02 P.60821E-01 -.53295E-01 -.36811E+04 -.36811E+04 -.36SllE+0^f 

0.29000E+02 0.76887E-01 -,71664E-01 -.33163E40<t -.33163E+04 -.33163E40^> 

0.30000E+02 0.96953E-01 -.90032E-01 -.30860E + 0^ -.30860E+0<t -.30860E4-0<t 

0.30750E+02 0.11050E+00 -.103S1E*00 -.29116E+04 -.29116E+04 -.£9116E+0ij 

p_,31750E+02 Orl2657E+0p -.12218E+00 -.23709E+0^f -.23709E+p^ -.23709E+0^ 

0.32750E+02 0.i4663E + 66 -.lA055E+6o "-.1836«*E+04 . 1836^E + 0^^ -.l836<^E+n4 

0.33750E + 02 0.16^»70E+00 -.15S91E+00 Hit -.13271E+04 -.13271E + 04 -.13271E+04 


DISPLACEMENTS VS. CH0RDWi3E LOCATION 
AT IMPACT RADIU. 


X IN-PLANE OUT-OF-PLANE 
0.0 0.85907E-01 -.1O40OE+OO 
0.60000E400 0.87029E-01 -.10258E+00 

.. 0.12000E+pl._ . Q.86A47E-01 --10079E+00 

0.16000E401 0.69864E-01 -.9S997E-01 
0.24000E+01 0.91282E-01 -.97204E-01 
0.30000E+OX 0.92700E-01 -.95411E-01 

0.36000E401 .... 0.94117E-0i -.9361SE-0X 

0.42000E+0X 0.95535E-01 -.9X625E-0X 
0.48000E+OX 0.96953E-01 -.9O032E-0X 
0.54000E40X 0.98370E-01 -.86239E-01 

._..0.62500E401 0.X0038E+0O -.85699E-01 

I 0.72500E40I 0.10274E+00 -.82710E-01 

0.82500E40I 0.10510E+00 -.79722E-0X 
M 0.92500E401 0.10747E4-00 -.76733E-01 
' .O..ip.OOOE4p2 0.10953E400 -.74118E-0X 


...... __ ....„ STRESSES VS. CHORDWISE LOCATION 

AT IMPACT RADIUS 

5TRESS-X STRESS-Y SHEAR-XY 

.X ^f?“.9.r2?ppE.4p2«R=0^ 4fR=0.2900E+02«R=0.3000E+02«R=0.3075E+02 «R=0 . 2900E402«R=Q .3000 Et02«R=0 .3075E402 

0.0 * 6.9763E+04 * d,9i37E4C4 * 6.S662E+04 » -.3316E+0^ » -.3066E40A « -.29l2E+d4 » 0.2334E4-04 * D.2333E+04 » 0.2333E+04 

0.6000E+00 « 0.9763E404 » 0.9137E404 4t 0.8662E+04 » -.3316E404 * -.3086E404 « -.29I2E+04 * O.2339E4-04 * 0.2333E404 » 0.2533E+04 

0.I20OE40I « 0.9763E+04 H 0.9137E404 » 0.8662E404 » -.33X6E4Q4 * -.30S6E40^ « -.2912E+04 * 0.233‘+E404 * O.2333E404 » 0.2333E+04 

0;180pE401 » 0.9763E+04 » 0.9137E404 0.6662E404 « -.3316E+04 « -.3086E+04 « -.2912E404 ^4 0.2334E+04 » 0.2333E+04 »? 0.2333E+04 

0.246bE4bi 4f b.9763E404 « b.9i37E404 » 0^8662E+04 -.3316E404 * -.30S6E+04 -.2912E+04 * 0.2334E4-04 * 0.2333E+04 * 0.233.»E404 

U.3000E401 » 0.9763E+04 « 0.9137E404 * 0.8662E+04 » -.3316E404 » -.3086E+04 * -.2912E404 * 0.233sE404 * 0.2333E+04 » O.2333E404 

0.3600E401 » 0.9763EI-04 * O.9137E+04 « 0.6662E+04 « -.33l6E40'i » -.3086E4Q4 * -.2912E+04 » 0.2334E404 * 0.2333E4-04 » 0.2533E404 

.9,.^f|2^[)95+pl » 0.9^^ » O.9137E+04 » 0.8662E+04 * -.3316E+04 » -.3086E + 04 -.2912E+04 * 0.2334E+04 » 0.2333E4-04 » 0.2333E404 

0.98bbE+bl * 0.9763E*b4 «‘ 0^9137E404' « C.6662E+04 « -.3316F4Q4 » -.3086E+04 » -.2912E404 » 0.2334E+04 * 0.2333E+04 » 0.2333E+04 

0.5400E401 44 0.9763E404 * 0.9137E404 * 0.6662E404 » -.3316E4C4 * -.3086E404 » -.2912E + 04 » O.233'*e+04 * 0.2333E404 44 0.2333E404 

0.6250E+OI 44 0.9763E404 44 O.9137E404 44 O.8662E+04 44 -.3316E404 * -.3C86E404 « -.2912E+04 44 C.2334E4-04 4f 0.2333E4-04 a 0.2333E404 

_ O._72SOE+0X 44 0.9763E+04 4i 0.9137E404 * 0.6662E+04 44 -.3316E404 * -.3066E404 « -.2912E404 44 0.233<*E404 4» 0.2333E404 »* 0.2333E404 

'■■■b.82SbE4bl 44 6.9763E4b4' 41 0.9i37E*0‘4 4f 0.8662E+04 44 -.3316E + 04 » -.3036E + 04 * -.2912E+04 44 0.2334tE+0A 44 0.2333E+0<4 44 0.2533Et0^ 

0.9250E+OX 44 O.9763E + 09 »4 0.9137E+04 44 0.8662E4-0‘i 44 -.3316E4-04 4f -.SOSSE^O^t 44 -.2912E+0^ 44 0.2334E+OA 44 0.2333E+0^ « 0.2333E+0‘4 

O.lOOOE+02 44 0.9763E+0^4 44 0.9X37£4-0‘i 44 0.8662E+04 * -.3316E+09 44 -.30S6E40<!4 44 -.29X2E+04 44 0.233^E+09 44 0.2333E+09 44 0.2333E+04 
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FORTRAN IV SI RELEASE 2.0 


MAIN 


DATE = 79012 


08/33/03 


J 

N3 

Ui 

I 


0001 

0002 

0003 

0004 

0005 


0006 


0007 

0008 
0009 


OOlO 


0011 

0012 

0013 

__0014 

cols 
0016 
0017 
_0018 
0019" 
0020 
0021 
0022 
'0023 ■ 

0024 

0025 

0026 
'■■0027 ■ 

0028 

0029 

0030 

mi- 

0032 

0033 

0034 
■{J035~ 


C INITIALIZE THE PR03LEM 
2002 FCRNATdH ,7HENTERED) 

CONMCN/XMID/ XCENK 25 ) ,XCEK2( 25 ) 

COMMON/BLADE/ XO( 25 ) , Y0( 25 ) , TH£TA( 24 ) »XM( 25 ) 

lAMK0DE(c5,2S),PPL(25,25),PVLf25,25)»PRSS(25,25) 


PAGE 0001 


00000010 

00000020 

C0000030 

00000040 

00000050 

00000060 


rnHMSwyf^5wn-i;^^r^^’^^^^'''^'-^2’^25),STRSS(3,625),SH2(3,625,10) 
? f f 6 I , I S P L 1 T ( 6 ) , 6 AHHA 1 (1000), GAMMA ZtlOOO), 

^ ’ LAMDl'inoOO ) , LAHD2XC 1000 ) , FIMP2DC 1000 ' 

1).FIMP3D(1000),DIST( 1000 ),SPP1( 1000) 


00000090 

OCOOOlOO 

OQOOOilO 

00300120 

00000130 


LTLmooSK^fpM^°^Sn;"^^ 


CCMMON/L/ 13(6) .RM( 6 ) ,XI(6 ) , YK 6 ) » IHIT( 6 ) ,RL( 6 ) iX( 6 ) .Yf A I L'Mf a > 
C0MM0N/PRNT/NJ3( 25),DEFBI( 1000>25 ) »OEFBO( lOOO , 25 ) ,CODI( 1000 25) 

J‘-*^'SISMA2(1000,3,25),TIMEP(1000) 

1 S? J ‘ ^ ' VMI { i 0 ) , XO ( 25 ) . YO ( 25 ) , IND EX( 25 ) , 

1X1(6),Y1(6),DE..TL(6J,CL(6),ADVNCE(6),DKB1K(6 

l),IBACK(6),XNEAR(6)»DF8(6),DELTA(6),DMAXf6), 

-lSDFB(6),pipqRC(2S,25),POFORC(25,25),DR(10),CLO(6) 

REAL LAMD11.LAMD21 


00000150 

00000160 

00000170 

OOOOOISO 

00000190 

00000200 

00000210 

00000220 

00000230 

00000240"' 




IFdSYM.EQ.DGO TO 2001 

ffif? f V 2 ’ • 'CU M ) ,M=1 , 3 ) . ( WM( U , L=1 , 3 1 

RMd)-(RLd)-2iiRL(2)+2ifRL(3) )«2 
RM(2) = (RL(2)-2ieRL(3) )»2 
RM(3) = 2*RL(3) 

DELTL(_3)=0. 

DELtL('2'j'=(CLd|-C - - 

DELTL(l) = (CL(3)-CLd))/2 
DO 2003 L=4,6 
__ ML=L-3 

RULiiR'DHL) ■"■■ - - - '• - - • 

RM(L)=RM(ML) 

CL(L)=CUHL) 

DELTUU=DELTL(HL) 

WM('a=Nri(ML)'" — - - - 

2003 CONTINUE 
GO TO 20C4 

'^.S^D(5,#)CRL{M),N=1»NVA),(RM(L),L=1,NVA3 

200A 

READ(5,^f)(NJ3d3),I3=l,NR) 

READt5,^f)(VMI(I6),I6=l.NM) 

■ READ ( S;^} ( DR r 16 3 , 16 =l ,NH ) - - 


00000260 
00000270 
00000280 
00000290 
00000300 
O0Q0O3I0 
00000320 
00000330 
00000340 
00000350 
00000360 
00000370 
00000380 
00000390 
00000900'" 
00000410 
00000420 
00000430 
00000440 ' 
00000450 
00000460 
00000470 
00000480 ■ 





FORTRAN 


0036 

0037 
... 0033 

0039 

0040 

0041 
_0042_ 

0043 

0044 

0045 
.0046_ 

0047 

0043 

0049 


.^y. 53, RELEASE 2.0 


READ(S,ifUW0(I6),I6=l,NM) 

DO 6005 L=1,NVA 

i.?0.B,CL0fL;=CLfL) 

WRiTE(6,2002J ' - 

DO 199 16=1 ,NN 
READ(S»*jr(pH2f lA i/i> T, . ... 

CCNTIKUE *K6 , X6 ) ,K6=i , j ^ ^ 2 j 

DO "299 I6=i,NM - 

299 CONTINUE' 

- DO .3,99 13=1, NR 

LIM=NAX(I3) - 

599 SsUE • 'X^'°K, 13, J3 , , J3=l , u„, 

QtI6)=0. 

D1 ODtI6)=0. 

" ■""Dl^46"j6=i;rt^^^^^^ .frequency 

DO 46 16=1, NM 

HIMODEtI6)=NOfI6) 

^FCW.EQ.I) go to 46 

W TO 96 

CONTINUE 

for eaoh node ' 

LlH=MAXtI3) 

DO '8 J3=i;Lifi 

XL=XNODEri3, J3-1) 

«=SSSf“'>^-3U3, 

f ^^^3“1. LT.i )RB=YNObEt T"3' i' 

CONTINUE 

modal amalvsis •• 

BET(I6)=DR(I6)^W0(I6J 

~X^r ’=VNn 16 J*WO( I6)i(*2 

wins TSSDRTfABSfKot 16 )*.|-BETri 6 ).*E , , 


08/33/03 


00000490 
00000500 
00000510 
00000520 ■ 

00000530 
00000540 
. ._.00000550 
00000560 
00000570 
00000560 
...„ 00000590 
00000600 ■ 
00000610 
00000620 

.00000630 

00000640 

00000650 

00000660 

00000670 

00000680 

00000690 

00000700 

00000710 

00000720 

00000730 

00000740 

00000750 

00000760 “ ■ 

00000770 

00000780 

00000790 

00000800 

00000810 

00000320 

00000830 

00000840 

00000650 

00000360 

00000370 

oooooasd 

00000390 

00000900 

00000910 

00000920 ■"■■ 

00000930 

00000940 

00000950 

00000960 





jv. G1 RELEASE 2.0 


DATE =79012 06/3Z/03 


" do' radius" 

. ,.._ .. Y1HP=YNCDE(I3) 

^PtYIHP,EQ.RlHP)i7r3;3 

110 CONTINUE 

f^STAT=HAX(I7J 

nstaf=nstat-i 

ISO Xf1( JS ) rXK'OD E ( 17 , J5 ) 

NST=NSTAF-1 
DO <il3 JC=1,NST 
IPtJC.EO.DGO TO W 

J<CENl(jc3=XCEH2( JC-lF ‘ " 

^14 XCpj2 ( JC ) =( XM( Jc+2 )+XH( JC+1 ) )/2 

' “™W“TES of the -BUDE - - - 

Xfl(JC)=XO( JC) 

IQl Y OCJCjgYQf JC ) 

1TPRNT=1 ■ 

TIME=0. 

__ IFV=0 

IFSLd=0'' “■■' “ - 

IIFLG=0 


4.W-U 00001240 



OOD0123I 

A./SA.A 2006 J=1,NH 00001291 

, JOO^ICNTHCJ Jrj ^ 0000130( 

DO 2007 J=i,NN - - - . ., 000013K 

2007 icNTNrj3=j - ooooilaJ 

2008 J=1,NR 0000133C 

■ 000013<>C 



-oS= 

i°ll^S^AT(lH ,6(E12.6,1H, )) 00001420 

KSrTE(6,^0I3UlCNTLf JTjJsliHVA) ' - - 00001430 

00001440 


00000970 

00000980 

00000990 

00001000 

00001010 

OOOD1020 

00001030 

00001040*' 

00001050 

00001060 

00001070 

ooooioso’ 

00001090 
OOOOllOO 
00001110 
00001120 
00001130 
0000X140 
00001150 
00001160 
00001170 
00001180 
00001190 
00001200 ''* 
00001210 
00001220 
00001230 
00001240 ■■" 
00001250 


00001270 
00001280 
00001290 
00001300 
00001310 
00001320' 
00001330 
00001340 
00001350 
00001360 ' 
00001370 






fortran IV G1 RELEASE 2.0 


DATE = 79012 


OS/33/03 


kRITE(6,2012)(RM(J),j=i,wvA] 

*^?ITE(6,201^i)(IC^•TL(J),J=l,^•VAJ 
014 FORhAT(lH0.2HCL,lX,6(I2,lH,n ' 

K'RITE(6,2012)(cL(JJ»j=i,nvA) 

A.r t’?^‘’’^‘^*201S)(ICNTL(J),j=l,NVA) 

-- - — - - - - 

URITEC 6 . 2016 )( ICNTU J ) , J=1 ,NVA ) 

_ {'filTF f 6 , 2012 ) f WM( J ) , jsi , nvA ) 

L.'RITE(6,2017HICNTRCJ),J=l,f4R) "■ ”• " - - - 

117 FORMATdHO, SHMAXilX, 25(12, 1H» ) ) 

16 FC!?maT(1H ,25(I3,1H,)) 

WRITE(6,20l9)(icNTR{ j),j=i,Nn) 

NRITE(6,2018){NJ3f 

^^.>’^ITE(6,20C0)(ICNTN(J),J=i,kh) 

-■■ 

*10(EU.5,1H,)) 

6 » 2022 ) ( ICNTM( J ) , J=1 .MM ) 

)) - 

tHRITE(6,2021)tDR(j),j=T 

^'3ITE(6,2023)(ICNTH(J),J5X,NM) 

J.RITE(6,2021HHO(j),j=i,Nf^j - 

00 2024 16=1, NM 
DO 2C24 J6=l,2 

mTEtS^^Se^MPHSus^ .I3,1H.-,I2 .iH) 

Ob 2027'"i6 = l,NM ■"" - •- - 

DO 2027 J6=l,3 

■^V^lTEt1?2L4o^^ SH2(,I2,lH,d3.1H,,12.1H) 

- 

WRITE! 6,1049) 

GEOHETHY of BLADE) - 

LIM=MAX{I3J 

WRITE! 6, 1050 )YN0DE(I3) 

KORmTr/lHOV130CZH*),/lH ,60X,2HY=,F9.4) - 


00001450 
00001460 
00001470 
000014SO 
00001490 
00001500 
00001510 
’ 00001520 * 
00001550 
00001540 
000015S0 
00001560 
00001570 
00001580 

00001590 

00001600 " 

00001610 
00001620 
00001630 
00001640 
00001650 
OOOQ1660 
_ 00001670 
00001680" 
00001690 
OOGC1700 
00001710 
00001720 ■ ■ 
00001730 
00001740 
00001750 
1)00001760 ■ 

00001770 
00001780 
00001790 
‘ 00001600 ■' 
00001810 
00001820 
)00C01830 
00001840 ■ ■ 
00001350 
00001860 
00001870 
00001880 “ 
00001890 
80001900 
00001910 
00001920 




I 

M 

Ut 

I 


FORTRAN IV G1 RELEASE 2.0 


MAIN 


DATE = 79012 


08/33/03 


0170 

0171 

0172 

0173 

0174 

0175 

0176 
0177' 

0178 

0179 

0180 
dl8l‘ 
0162 

0183 

0184 

0185 ■ 

0186 
0187 
01S3 

0189 ■ 

0190 

0191 

0192 

■ 0i93 ■ 

0194 

0195 

0196 

* 0197 ■ 

0198 

0199 

0200 
C26i" 
0202 

0203 

0204 
’OEdS 

0206 

0207 

0203 

‘0209' 

0210 

0211 


0212 

0213 

0214 
■02ir 


PAGE 0005 


LIMPsLIH-10 

1F(LIMP.LE.0)L1N1=LIM 

— IF( LIHP.GT.O )LIN1=10 

KN=l - .. . 

LIMP=LIH-L1N1 

IF( LIMP.LE.O )GO TO 1001 

KN=2 

'■■■LiHpi=LiMp-io 

IF ( LIMPl . LE . 0 I LIN2= LIMP 
IF(LINPl.GT.0)Llrt2=10 
LI^^p=LIM?:-LIH2 

iFn.t*iP.LE.0)Go’’TO'Wdl 

KN=5 

L1N3=LIMP 

1001 .00 1002 NLIN=1,KN 

IF( NLIN. EQ.l )G0 TO' 1003 

IF(NL3N.EQ.2)GO TO 1004 
IF(HLIN.EQ.33GO TO 1005 
1003 KN1=LIN1 

DO 1006 rxx=i;'LiNi “ •• - - - 

1006 IN0EX(IXX)=IXX 

WRITE( 6 . 1051)( IHDEX( IXX ) ,IXX=1 , LINl ) 

- A9.5A. /''3''.^AT(/1H .3X,10(1HX,12,8X) ) 

, ... ^ ^ ^ I3;J3 ) VJ3=1 , LiNl ) - - 

1052 F0PMAT(/1H »10(F9.4,2X)J 
GO TO 1002 
_1004 KN1=LIN2+10 

DO 1007 IXX=n,KNl" - - - 

1007 INDEX(IXXJ=IXX 

WRITE ( 6 , 1051 ) ( INDEX( IXX ) , IXX=11 , KNl I 

6 , 1052 ) ( XNODE ( 13 » J3 ) , J3=ll ,KN1 ) 

GO TO 1002 - - 

1005 KNl=UN5+20 

DO 1008 IXX=21,KN1 
100^ INDEX(IXX)=IXX 

" WRITE ( 6 ,1053 ) ( INDEX (IXX J , IXX=21 , KNl ) " 

1053 FORMATC/IH ,3X»5(1HX,I2,8XJ ) 

WRITE [ 6 . 1052 K XNOOE( 13 , J3 J , J3=21 ,KN1 ) 

1002 CONTINUE 

■■■'u 00 "CONTINUE - 

WRITE(6,1054) 

1054 FCRMAT(//1H0,51X,29HINITIAL BLADE CAMBER GEOMETRY, /IH ,57X, 

DO 1009 JC=1,KSTAT 

WRITE(6,1055)JC,XO(JCI,YO( JC) 

•}??5 PCJ?«AT(1H .40X,I2,9X,F10.5,16X,F10.5) 

1009 CONTIKUc — 


00001930 
00001940 
00001950 
00001960 
00001970 
00001980 
00001990 
00002000 ' 
00002010 
00002020 
00002030 
00002040 
00002050 
00002060 
00002070 
' 00002080 ■ 
00002090 
00002100 
00002110 
00002120 
00002130 
00002140 
00002150 
00002160 
00002170 
00002160 
00002190 
00002200 " 
00002210 
00002220 
00002230 
00002240 ■ 
000D2250 
00002260 
00002270 
00002280 
00002290 
00002300 
00002310 
00002320 
00002330 
00002340 
00002350 
00002360 ■■■'■ 
00002370 
00002380 
00002390 
00002400 
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URITE(6,1056) 

1056 FO!?MAT(//1HO,53X,16HMISSILE GEOMETRY, /lH0.^»4y 7H‘?PPTTnM ov 00002^»10 

- ::ss: 

_iqi0 CONTINUE 00002460 

ViRite ( 6,1058 ) * - - ■ - - 00002470 

1053 FORMATf//lHO,60X,lOHMCDAL DATA,/1HO,31X,4HMODE,2X 

-“Seiko’s 

DO 1011 16=1, NH ■"■ ■ - ”■ - - 00002510 

NRITE( 6 , 1059 )I 6 ,WO( 16 ) ,VHI( 16 ) ,VKIf 16 ) .DRf 16 > 00002 SC 0 

1059 FORMATtlH , 32 X,l 2 . 3 X,E 12.6 3 ( 5 i,S 2-6 

1011 CONTINUE 00002540 

U’RITE(6,lb60)V,ALPHA0,DEN,X0CL,Y0CL.RIMP 

fS 

c ™?HrLASf ™E BIRD WITH hSoSSrbSo 

■ 'iFtn'0(S)-Y0Il)r:Lf:07)THETA0=-THErAO 00002660 

lFa.GT.DGO TO 121 00002670 

BETA=TKETAO-ALPHAO 00002680 

w ■ - sssSb7?s 


mi-Yotjcn^^Rii! 

- -y“ ‘ J? > I- LT. 0 . )THETA( JC ) =-THETA( JC ) 

UUNTINUc 

OF the bird sections 

uu t.u L=1,NVA 
IFCl.GT.DGO TO 19 

Xf L)=X0CL+R L( i. j^*SIN(BETA ) -DELTL( L )#COS(BETA) 

Y( L)=Y0CL-RL( L)«C0S(BETA )“DELTL( D^fSINCBETA ) 

Xlf L)=X( D-CUD^eCOSCBETA) 

Ylf U=Y( U-CU L)XSIN(BETA) 

GO TO 

IFtlKLl.GT.D GO TO 20 
IF(IKL).EQ.O) VDT(L,I-D=0. 

ADVNCEt L)=V«DT-VOT( L,I>1 ) 

‘XCL)=Xa)+ADVNCE(L)^iCOS(BETA) - 


00002730 

00002740 

000027S0 

00002760 

00002770 

00002760 

00002790 

00002600 

00002810 

00002820 

00002830 

00002840 

00002850 

00002660 

00002870 


IV G1 RELEASE 2.0 


MAIN 


DATE = 79012 


0250 

0251 

0252 

0253 
025^ 

0255 

0256 
*”025'r 

0256 
^ 0259 
0260 
0261 
0262 
0263 

026<f 

0265 

0266 
0267 

‘0268 ■■ 

0269 

0270 

0271 

0272 ■ 

0273 

0274 _ 

0275 


0276 

"CZfT 

0278 

"0279 ■ 
0280 

0281_ 

'0282 

0283 

0284 


08/33/03 


20 


11 


3i" 


Y( L)=Y( L )+ADVNCE( L)*S1N(BETA) 

XI ( L ) =X1 1 U+ V^f DT«COS( BETA ) 

. .. f L i =Y1 ( L J +Vi»DHfSIN( BETA ) 

ACL=CL[L) - 

CUL)=CL(L)-VDTtL.l-l) 

IFf (CU U/ACL) .LE, .01)II(L)=2 
— L)/CLO( L) ) . LT. . 01)II( L )=2 

CONTINUE — 

IT=0 CONTACT POINTS OF THE BIRD 

... PP .30 L=1,NVA 

ir(i.Eq.i)Go' -• - -- - 

IFdKD.GT.DGO TO 30 
BKB1K(L)=0. 

IBACK(LJ=0 

bo 3100 JC=irNStAF - 

ISLIDEtL,I)=0 

IHIHLUO GO TO 31 

GO TO 3100 


PAGE 0007 


;BMMTOonc.in*,viu-vouc:,H,Kai-xoac 


0'2'85~' 

0286 

0207 

0288 

•0*2S'9- 


C 

"'"33^ 


34 


1 )) 

IHIT(U=JC 



™ CONSTITUTE 

J^^4.BSdH£TA(JCJ-BETA).GE.1.7E-3J 60 TO 32 

IF(ABS(3.1«59265^TABSi:™EtA(JC)-BETA)J.GE.I.7E-3)G0"td 32 

ISLIDE,L.r,=I 

- PBil=-3“ISl2 Ja'"" ^ IS CLOSE TO 90 DEGREES 

IF(ABS(PPI1/2.-ABS(THETA(JC))).GE 1 7E-31 flfl rn -sx 

IS CLOSE TO 9^DEGReS ' "" 

- 

GO TO 34 
DFB(L)=0. 

DELTA! n=UKnLT-XOCJC‘J )**2+(yi(U-Y0{ JCn«if2m.5 


00002880 

00002890 

00002900 

00002910 

00002920 

00002930 

00002940 

00002950" 

00002960 

00002970 

00002980 

00002990 

00003000 

00003010 

00003020 

00003030 ■■ 

00003040 

00003050 

00003060 

00003070 

00003030 

00003090 

00003100 


00003120 

00003130 

00003140 

00003150 

00003160 

00003170 

00003180 

00003190 

00003200 

0000321Q 

00003220 

00003230 

00003240 

00003250 

00003260 

00003270 

00003260 
00003290 
00003300 
00003310 ■ 
00003320 
00003330 
00003340 
00003350 •' 
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"0290 

0291 

0292" 

0293 

0294 

0295 
0296'" 

0297 

0298 
0299_ 

0300 

0301 

0302 

0303 

■ 0304 ” 

0305 

0306 

0307 
0303 

0309 

0310 

0311 

0312 * 

0313 

0314 

0315 

0316 


0317 

0318 

0319 

0320 ' 

0321 

0322“ 

0323 

0324 

0325 


DATE = 79012 


08/33/03 


36 


38 


340 


32 


37 


39- 




PAGE 0006 


35 


l.YKU.GE.YOt JC^1)») GO TO 35 
GAMHA(t)=XNEAR(LI*OELTA(U 

60 TO 40 
XI(L)sX0(JC*U 
. YI(U=Y0( JC+1) 

3^EAR(u=xm jc*i) — 

IHIT(LI=JC+1 

ISLIOEU.KXO 

OELTA(L):0. 

GO TO 38 - -•• ■ •• - 

XI(U=X0(JC) 

YIU)sYO(JC) 

XNEAR(L)5XM( JC-l) 

IHITIL»5JC-i — — 

ISLI0E(L.K)^0 

OELTA( L)s( f XOt JC »-X0( JC-l ) jc )-yo( JC-1 1 1**9 i»« c 
.0rBai=((XIL>-XI(L))**2* 1))**2)**.5 

IF(OFB(L).LT.l.OE-5)60 TO 340 — 

DALPHAsACOSf ( X( L )-XI( L ) )/OFB( L ) J 
OFB( U=ABS( OFB( L )*COS( BETA-DALPHA I i 
GAMMA( L UXNEARI L)*OELTA( L > 

GO TO 40 “ — — .. 

0FB(L):0. 

6AmA( L)-XNEAR(U«OELTA( L) 

GO TO 40 

IMPACT ANGLE IS NOT SMALLOU 


Xlf L )s( C C Y( L )-Y0( JC ) M»COS(BETA )-X( L )*SIN(BETA ) )*COS( THFTAf _ir » i 
l*X0( JC )*SIN( THETAC JC ) ).COS( BETA J )/SINfTHeTAUC -b??!^ 

SEGMENT 

BLADE SEGMENT ANGLE IS NOT 90 DEGREES 

IV ^ JC ) )»TAN( THETAC JC >)4 Y0( JC ) 

CO TO 39 

FIND XNEAR, DELTA AND OFB 
XNEARdTsXMCJCr - “ -- 

rf ^ '* ^ JC )- YI( L I )**2 )** . 5 

6A.,MA( LJsXNEARC L)40ELTA( L) 

DFB( L )-( (XIC L)>X( L) )«*2*< YI(-L)-Y( L | }»»9 t«« c 

-ir THIS BIRO SECTICN-S FOP«*RD POINT IS IM B*CK OF THE BL«E FIM. SSSSSsS 


00003400 
00003410 

00003420 

00003430 
00303440 
00003450 
_ 00003460 
00003470 
00003480 
00003490 
_ 00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
~ 00003590 
00003600 
00003610 
00003620 
00003630 ' 
00003640 
00003650 
00003660 
00003670“ 
00003680 
00003690 
00003700 
00003710 
00003720 
00003730 
00003740 
00003750 
00003760 
00003770 
00003780 
00003790 
00003800 
00003810 
C0003820 
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PAGE 0009 


I 

fsi 

On 


0326 

0327 

0328 

0329 

0330 

0331 

0332 

0333 

0334 

0335 

0336 

0337 


033d 

0339 

0340 

0341 


0342 

0343 

0344 

0345 

. . 

0347 

0343 

0349 

0350 

0351 

0352 

0353 


C OUT IF IT IS THE GREATEST DISTANCE BEHIND THE BLADE 
40 IF(IBACK(U.EQ.O)GO TO 30 
__ IT=IT*1 

0KAX(IT)=DFBIL1 " “ 

IF<IT.E0.1)60 TO 30 
IF(0«AX(IT).GE.O«AX(IT-in60 TO 30 
DJ7=0MAX(ITI 
OHAXdTlibriAXCiT-i) 

DttAX(IT-l)=0M7 
GO TO 30 
3100 CONTINUE _ 

30 CONTINUE . 

PPIIS3. 141592654 


00003340 

00003350 

00003360 

00003370 

00003330 

00003390 

00003900 

00003910 

00003920 

00003930 

00003940 

00003950 

00003960 


12 


42 


41 


THE^BLADE WILL^HIT ^ SECTION CLOSEST T000003970 

DO 41 Lsl.NVA ~ - 

IF(I.EQ.l) 60 TO 12 
IFdKD.GT.l) GO TO 41 
IF(IHIT(U.EQ.O)GO TO 41 

forward points are IN FRONT OF THE BLADE THE BIRD HI00004030 
HAVE TO BE MOVED TOWARD THE BLADE 
2F(IT.EQ.0)6O TO 42 

FOWRARD POINTS BEHING THE BLADE-MOVE THE BIRO BACK 
X( L lsX( L l-OMAXdT )«COS( BETA ) 

Y( L l=r( L )-DMAX( IT H»SIN( BETA i 

OFB(L)s((XI(U-X(Ln»*2*tTI(L)-y(L))*«2)**.5 
60 TO 41 

ALL FORWARD POINTS ARE IN FRONT OF THE BLADE “ 

SOFB(U>DFB(U 
IF(L.EQ.l) 60 TO 41 
IF(SDFB(L).LE.S0FB(L-1)J GO TO 41 

0J7sS0FB(L) 

S0FB(U:S0FB(L-1) 

SDFB( L-l)sOJ7 
CONTINUE 


00003930 

00003990 

00004000 

00004010 

00004020 


00004040 

00004050 

00004060 

00004070 

00004030 

00004090 

00904100 

00004110 

00004120 

00004130 

00004140 

00004150 

00004160 

00004170 


0354 

0355 



0356 



0357 

0358 


13 

0359 

036O~ 


! 

n o ! 

0361 


43 

0362 




POINTS ARE IN FRONT OF THE BLADE MOVE THE BIRD TOWA00004190 

00004200 
00004210 
00004220 
00004230 
00004240 
00004250 
00004260 
00004270 


THE BLADE 

IFdT.GT.OIGO TO 43 
DO 44 L:l»NVA 
If^iJEQ.li 60 to 13 
IFdKD.GT.DGO TO 44 
X( L )=X( L ) ♦SOFBI NVA )»»COS( BETA I 
Y( L )*Y{ L )*S0FB< NVA )*SIN< BETA ) 

0FB( L )s| (Xl( L)-X( L ) YI( U-Y( L) )**2 )**. 5 

TEST FOR WHICH BIRO SECTIONS HILL IMPACT ON THE BLADE A^O SET IKL00004230 
IF IMPACT WILL OCCUR DURING THIS TIME STEP 00004290 

DO 45 Lsl.NVA 

IFtIHIT(L).EQ.OreO TO «S - 




I 

M 

at 

N> 

I 


''i 
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0363 


IF(r.EQ.l)II(L)=0 

00004320 

0364 


IFdKU.GT.lJGO TO 45 

00004330 

0365 


IF(DFB(L).LT,,01)II(L)=1 

00004340 

0368 

45 

CONTINUE 

00004350 


C 

SET THE TIME STEP TO ONE TENTH THE HIGHEST NATURAL PERIOD DURING 

T00Q04360 


C 

TIME THAT THE BIRD IS IMPACTING 

00004370 

0367 


CONST=2. «PPII/( 10 .ifHIHODE( NM) } 

00004380 


C 

IF THE BIRD HAS COMPLETELY IMPACTED SET THE TIME STEP TO ONE tENTH00004396 


C 

LOWEST NATURAL PERIOD 

00004400 

0368 


IF(IFV.GT.0 3CONST=2.*PPII/(10.KHIM0DE(in 

00004410 

0369 


DT=CONST 

00004420 


C 

CALCULATE THE RELATIVE IMPACT VELOCITY AND ANGLE-CHANGE DT IF VREL00004430 


C 

IS GREATER THAN THE LENGTH OF THE IMPACTING BIRD SECTION 

00004440 

0370 


DO 47 L=1,NVA 

00004450 

0371 


JK=IHITtL) 

OO0C446O 

0572 


IF(mT(LJ.EQ.d)GO TO 47 

00004470 

0373 


IFdlCD.GT.DGO TO 47 

00004480 

0374 


IFd.EQ.DGO TO 48 

00004490 

0375 


J9=I6-1 

00004500 

0376 


DO 203 JB=i,NStAF 

00004510 

0377 


J9SJ9+1 

00004520 

0376 


IF(JB.EQ.IHITCLnJT=J9 

00004530 

0379 

203 

CONTINUE 

00004540 

0380 


IF(ABS(PPII/2.-ABS(THETAdHIT(U))).6E.PPII/12.)G0 TO 49 

00004550 

0381 


OMEGA=tVELd,JT+l)-VEL(l,JT))/(YOCJK+l)-YO(JK)) 

00004560 

0382 


GO TO 50 

00004570 

0383 

49 

0MEGA=(VEL(2,JT+1)-VEL(2,JT))/(X0(JK+1)-X0(JK)) 

00004580 

0384 

50 

XID=VEL( 1 , Jt ) -( YI ( L j-Yb( IHlt( L ) ') )«»0MEGA - 

00004590 

0365 


YID=VEL( 2,JT)4(XI( D-XOdHITt L) ) )«OMEGA 

00004600 

0386 


SO TO 51 

00004610 

0387 

48 

XID=0. 

00004620 

0368 


YID=0. 

00004630 

0369 

51 

VI=XID«COS( BETA )+YID«SIN( BETA ) 

00004640 

0390 


VB=XID«COSfTHETAdHIT(U ) )+YIDifSIN(THETAdHIT( L) ) ) 

00004650 

0391 


VXl=(V-Vr)«C0S(BETA)-V8«C0SCTHETAtIHIT(L))} 

00004660 

0392 


VYi=TV-VI)^JSIN(BEtAj-VBXSiN(THEtA(lHlT(L))) -- 

'00004670 - 

0393 


VR ( L , I ) = ( VX1«H£+V Yl«»2 . 5 

00004680 

0394 


ALPHAt L )=ACOS( ( VX1«C0S( THETA( IHIT( L) ) )+VYl«SIN(THETACIHIT( U )) )/ 

00004690 



1VR(L,I)J 

00004700 

0395 


ISPLIT(L)=1 - 

00Ci04710 

0396 


IF(ALPHA(L).LE.PPII/2.)G0 TO 56 

00004720 

0397 


ALPHAt L ) =PPII-ALPHA( L ) 

00004730 

0393 


ISPLIT(L)=-1 

00004740 

0'39<T" 


■ iFtTirn.iQ.b’iGo'TCTBE ' ■ 

00004750 


C 

CHECK WHETHER VREL«DT IS GREATER THAN THE LENGTH OF IMPACTING BIRD00004760 


C 

SECTION AND SHORTEN DT IF IT IS 

00004770 

0400 


DTl=CLtL)/VRtL,IJ : 

00004780 



~lFfDTI.LT.DT')DT=OTI “ ■" 

•00004790 



•C9^ 
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52 


0408 

0409 


0410 

0411 

0412 

0413 
J34J4 

0415 

0416 

0417 


0418 

0419 

0420 
■ 0421 

0422 

0423 

0424 

0425 

0426 


0427 

0428 

0429 
■0'43b' 

0431 

0432 

0433 
04'34“ 


53 

47 


55 

54 


GO TO 47 

CONTACT^wIth'^THE^BLADE^Y sections hot INOOOOABIO 

Dtl=DFBm/VRtL,i) " SSoSabIS 

1P(0T1.GE.DT)G0 TO AT SooSmaS 

IF<DT1.LT.DT/E.,G0T0S3 

GO to *47 - 00004Q60 

IMPACT THEN IMPACT IT DURING THIS TIME STEP 00004690 

CONTINUE "" * ■' - ■■ -■ 0^004910 

SpAcf SurSg 

00,54 L=1,NVA ooootllo 

IFdKD.GT.DGO TO 55 
IFCIKU.EQ.OGO TO 5S 

,VDT<UI)=VR(L,I,.5MFBa) Zotllo 

VDT™,ll=0 0000A99O 

rnwTTWMP 00005000 

00005010 

nodal LOADS 00005020 

pressures and in-plane and out QF-PUNE FORCES' ON AlLOOOOSOSO 


61 


57 


00 61 13=1, NR 
LIH=MAXri3) 

DO 61 J3=1,LII1 

PRESS(I3, J3)='o.'"'" ■■ - 

PIF0RC(I3,J3)=0. 

RRSS(I3,J3)=0. 

PPL(I3,J3)=0 

™>VlTi3;J3j=0 

POFORC(I3,J3)=0. 

initial IMPACT FORCE FOR BIRO SECTIONS HITTING THE 
_ DLADE DURINGTHISTIME STEP 

IF(IFSLD.E§'JllOR7ilFLGrEQ.i)GO tO 57 

J<^1>^NERL1,DLTAL1,I8,NSTAF,PPII,E,F, 
1G,AL,R1,S,DEN,I,V,17,DT,RIMP,NSTAT) 
...?f!.f.?f?LD.EQ.1.0R.IIFLS.Eq.l)G0 TO 58 

lF(NAi:ir.;Eq:bJ'AND.ltSLD(I).EQ.7)GO TO 60 - - 

IF(NA(1).EQ.O.AND,ITSLD(I).LT.7)GO to 59 

IFtALPLlClJ.LT.1.7E-3)GO TO 59 

KFIN=I 

■ C-6 TO 58 - - - - 


0435 

59 

IFSLD=1 

0436 


KFIN=I-1 

0437 


GO TO SB 

043S 

60 

“IIFLG=r 


00005040 

00005050 

00005060 

00005070 

00005080 

00005090 

00005100 

00005110 

00005120 

00005130 

00005140 

00005150 

00005160 

00005170 

00005160 

00005190' 

00005200 

00005210 

00005220 

00005230 

00005240 

00005250 

00005260 

00005270 


§ 

- - 1 

§ 

H O 

■^5 


J.V.G1 

0439 
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0440 


0441 

0442 
0443" 

0444 

044^ 

0446 

0447 

0448 
J449 

04S6 ’ 

0451 

0452 


I 

ro 

o\ 

I 


0453 

'0454“ 

0455 

0456 

0457 


0458 


Q<59 

0460 

0461 

0462 
■’046T 
0464 


0465 
~ 04"66~ 

0467 

0468 

0469 

■••T470 — 


MTE_= 79012 


08/33/03 


56 


KFIN=I-1 

CALCULATE THE NODE PRESSURES FOR EACH BTon *;prTTnM 00005280 

^IN A PREVIOUS TIME STEP SECTION THAT HAS IHPACT0O00S29O 

DO 64 ‘K'=i,KFIN - • - .. 00005300 

THIS BIRD SECTION HAS IMPACTED THE BLADE ANn «?rjMc»cn 00005310 

-AND SErWvAluroF-Dist-pREM OOOOS3<il),. 


65 


72 


IFCK.LT.IJG0 TO 72 

- .lPP.MKJrSPPCK)+( LAHD11(K)-LAMD21(KJ J/P 

UHbDifKP • •- - 

DlST(K)s(LAHDllIK)+LAMD21(K))/2. 

GC^ TO 64 

A=RIMP+( - 

B=RIMP- ( WMU K J -RHl ( K )) /2 . 

IF{fA-B).GT.0.)60 TO 7200 
_ 

7200 DISnK)=DIST(KJ+VRUtK)«DT/2. 





64 CONTINUE 

■^2~ OBTJF PUNE FORCES ON EACH NODE 

FV=0 . 

DO 73 13=1, NR 
LIMs{1AX(13J 


DO 74 J3=l,ClK — — 

-SuuLAif th^?n4un^ of-pun^forces^Jn^^^ andSoooSoS 

-the correct ANGLE OF-PUNE FORCES ON THIS NODE USIN00005610 


00005350' 
Q0O05360 
00005370 
. 00005380 
00005390 
00005400 
00005410 
00005420 
''■b6bo543d" 
00005440 
00005450 
00005460 
00005470 
00005430 
00005490 
00005500 
dodo55i'o“ 
00005520 
00005530 
00005540 
00005550 ' 
00005560 
00005570 
00005580 
0000559(}“ 


75 


_ -TH^CORRECT ANGLE 

SECt=XrirNSTATl-XH( ir - - 

CAMLIN=XH0DE(I3,1) 

DO 75 JC=1,NSTAF 

^IFtXNODE(I3.J3).GT.CAHLIM.OR.XNODE(I3.J3).LT.(CAHLIH-HIOTHUGD 

_ ANGLE=THETA(JC) 

^Q3.NE.I.ARD.’J3,NE.LlM)ANSLE=CTHETAf JC)+THFTAf irj.rn7>> — — 

POFORC(I^jl!-''pf?^?^'^^ ^ 

WNTINUE 
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0477 


0476 

0479 

0480 

0481 

0482 

0483 


0484 

0485 
0466 
0487 

■ 0488 
0469 

0490 

0491 

0492 

0493 

0494 

0495 
“6H96 

0497 

0498 
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0499 

0500 

0501 

0502 


0503 

0504 

0505 ■* 

0506 

0507 

0508 

0509 ■ 


PP( 15 , 1 )=PIF0RC( 13, J3 ) 

PP< I5,2)spOFORC(I3,J3) 

EQ. 17. AND. J3.EQ. 1)18=15 

FV=FV+PP(:5,l) + PP(l5,2i - 

74 CONTINUE 
73 CONTINUE 

— NODAL RESPONSE DURING THIS TIHE STFP 



CALL M0DAL(NN,NSTAT,NN,IS,FV,DT) 

- DESCRIBtNG 

19=18 SHAPE AT THE IMPACTED RADIAL STATION 

DO 445 JB=1,NSTAT 

- X0( JB ) =XO( JB )+OE F ( 1 , 19 ) 

YO(JB)=YO(JB)4DEF(2,I9) • 

19=19*1 
445 CONTmUB 

'... — “CALCULATE THE TOTAL ELAPSED TIME 

TIHE=TIME*Dt — - 

iri=o 

00 1200 L=1,NVA 



IFdFV.EQ.DGO TO 202 
IFdII.EQ.6 )GO TO 202 
CALL FRINTPd. TIME, NR) 

IFd.EQ.D'GO T0'200 

IFCTIME GE.TSTOP)GO TO 200 
IFd.EQ.ITPRNDGO TO ?00 
GO TO 201 

"■ ■ - 

CALL PRINTPd.TIHE.HR) 

1Nfv?eQ'S:™go has IMPACTED 

IF(TIM£, LT.TSTOP 0 TO 800 
NRITE(6,600)TIH' 

TOO SHORT FOR MISSILE TO 
iELY »/1H0,53X, 'ELAPSED TIME= ' j IX, Ell .SllX'SEC 


PAGE 0013 


202 


JOO' 


201 


600 


77 


601 


F0RMATdHl,29X. 
liMPACT BLADE Cw 
1 ) 

GO TO 998 

IFdFV.EQ.il GO TO 78 

IFd.EQ.DGO TO'7S ' ' - « - - 

IFV=1 

T£LAPS=TIME-DT 

WRITE(6,601)TELAPS 

FOHMATaHO.SSX.ATHTIHE ELAPSED FOR MISSILE TO FULLY IMPACT BLADE=, 
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0510 

0511 

0512 

0513 


78 

998 

999 


11X,E11.S,1X»3HSEC) 
IF(TiriE,LT.TST0PJ60 TO 800 
Q^nD ^^•^^*^?TAT,NR,1JPRNT) 


END 


I 

hJ 

o\ 

o^ 

I 
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SUBROUTINE PSD ( A .ALPHA . PO , GAMO A1 .GAMD A2 .TLOAU ) 

DIMENSION AL0A0C2),XR{2),YR(2* 

R={ GAMOA1+GANDA2 )/2 , 

DIFFs(GAr:DAl-GAMDA2 )/Z. 

DELY=R/25. 

DO 10 N=l,2 
ALOADCNJsO. 

SIGN=-1. 

IFtN.EQ.2)SIGNsl. - - • 

00 11 IR=1,25 

YR(1)=IR-DELY 

YR(23=YR(1J-0ELY 

XRt l)sSI6N»( (R»#2-YR( 1 )««2 

XR{ 2)=SIGNv((R»4»2-YRC2)»fW2)if«.5) 

D£LX=ABS{XR{1)/2S. ) 

VTLOAD=0. 

DO 12 IX=1,2 ■■ 

DO 13 IY=1,2 

IF(IX.EQ.2.ANO.ir.EQ.lJGO TO 13 
_R1 = ( tXR(IX)+OIF')»«2+YR(IY)*fV2)»fif ,5 

IF(R1.LT.1.E-51G0 to 20 

C0SPSI=(XR(IXJ*DIFF)/R1 

GO TO 21 

COSPSI=l. 

alpha )/( l.-COSPSI»COS( ALPHA ))#*2}*C a - 
ltCOSPoI»COSf ALPHA) ALPHA) ) 

IF( (R1»!R1/GAMMA2).LE.20. )G0 TO 30 
P=0. 

■■' GO to 31' 

P=PO*( 2 .-EXP( “R1«R1/GAMMA2 ) )«EXP( ~RH«R1/6AHHA2 ) 

VTL0AD=VTL0AD+P 

CONTINUE 

CONTINUE 

vload=o. 

DO 10=1,25 

00 11=1,2 

■ 00 15 IY=1,2 

JQ=IQ 

IF(II.EQ.2)JQ=IQ-1 

miT=i 

rF(II.EQ.lY)HULT=2 “ 

X=XR(l)-SIGN»fJQ«DELX 
R1=(0Y+DIFF)««2+YR( IY)*«2)»if,5 
IF(R1.LT.1.E-5)G0 to 22 

C0SPSI=tX+DIFF)/Rl - 
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0045 


GO TO 23 

0046 

22 

COSPSI=l. 

0047 _ 

23 

GAhHA2 = r 4 ./3. l^AwA^f C ( SIN( ALPHA )/( 1 . -COSPSI»«COS( 
1( ( 1 . - [ COSPS1»COS( ALPHA ) )»»2 5 )WSIN( ALPHA ) ) 

0046 


IF((R1KR1/SAMHA2),LE.20. JGO TO 40 

0049 


P=0. 

0050 


GO TO 15 

0051 

40 

P=Pd-< Z.-tXPl -RI+'RI/GAMHAC J )«EXP( -Rl«Rl/GAmA2 ) 

0052 

15 

VLOAD=VLOAD+HULTi^5' 

0053 

14 

CONTINUE 

0054 


ALOADC N )=AL0ADC N Hr VTLOAD+VLOAD )»fDELX*fDELY/6 . 

0055 

11 

CONTINUE 

0056 

10 

CONTINUE 

0057 


TLOA0=0. 

0056 


DO 16 N~l,2 

0059 

16 

TLOAD=TLOAO+ALOAb(N) 

0060 


RETURN 

0061 


END 

- - 

— »_ „ 

. . 
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0012 
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0018 

0019 

0020 


0021 

0022 

0023 

0024 

0025 

0026 
0027 
0028“ 


0029 

0030 

0031 

0032 

0033 
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PAGE 0001 


K=0 

IF(ABS(2>GAHDA1/G2).GT.20. )G0 TO 10 
IFCACS(2.«tDEL/G2),GT.20. )GQ TO 10 
£111=EXP( -GAh!DAl/Gl ) 

..E121=EXP(-DEL/G1) 

E122 = EXP<-DEL/G2)’ 

E211=EXP( -2 . «GANDA1/G1 J 
E221=EXPt-2.*0EL/Gl) 

„ E2a?=EXP(-2.»DEL/G2) 

GAHDA2=GAHDA1 "" ' 

K=K+1 

IFtK.cQ.DGO TO 2 
SAMDA2=BESTL 

IF ( ABS( 2 . «GANDA2/G2 ) GT . 20 . 

E112=EXP{ GAMDA2/G2 ) 

E212=EXP( 2 . «6AHDA2/G2 ) 

•i^J^‘®J''^:,^*^211»f((2.«(GAf1DAl-F)+51)^(E221-l.) + 2,KDEL» E221) 
iTE.'-Gl’tElll^C (GANDAl-F*Gl»*(l.-E121)-DEL^«E12i) 


)GO TO 10 


00006970 

00006980 

00006990 

00007000 

00007010 

00007020' 

00007030 

00007040 

00007050 

00007060 

00007070 

00007060 

00007090 

00007100 

00007110 

00007120 

00007130 

00007140 




1( tGAHDA2+F+G2 )*( 1.-E122 )~DEL«E122 )-E2124fAl 
"'l+b^LiE222r' ■ )+DEL^E122 J-t (GAHDA2+F )«( E222-1 . ) 

BESTL=GAMDA2-A2/A3 
TEST=ABSf 1 . -BESTL/GAMDA2 ) 

IF(K.ED.20p )GO TO 3 

IF(TESt.LE.l,0E-3)GO TO 4" - 

GO TO 1 

TESP=100,*TEST 

6 »5 ;TESP,1 , ALPHA nftnn-Tocrt 

FORMAT{1HO,67HHARNING:' CONVERGENCE TEST FOR' LAMDA2 NOT SATISFIED-. nnnft-pAn 

GO TO 4 00007280 

■*lF(ISPLt.EQ:i )BESTL=b.O " " 00007290 

IF(ISPLT.Eq.-l)BESTL=0.0 

RETURN 00007310 

END 00007320 

. . . 00007330 


00007160 

00007170 

00667180 

00007190 

00007200 

00007210 

00007220 

00007230 

00007240 

00007250 
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SUBROUTINE *"cAM3ERrXN0DE?YH0DEM!ri^PLirRH^^^ 

1VR.DEN,KSTAT,PRES5CJ alpha, SPP,VDT,C0SFEE, 00007350 

IF(YNODE.GT.A.OR.YNOD£.LT.B)GO to Sll • 00007360 

-CALCULATE THE SQUASHED BIRD THICKNESS 00007370 

-FOR A 2D JET IHXCKNESS 00007380 

...IFf ISPLIT.EQ.-DGO TO 512 00007390 

THICK=RM*( 1. +C0S( alpha U/2 ■ - 00007AOO 

,THICK=RM^(l.-COSfALPHA))/2 00007A30 

ir.™oDE-sPP,.LT.o.nHicK:RM.a..cosuLPH.i,... - ZVy‘^1 




THICK=H3D.( I . .*COS( ALPHA )-2. ;;COS( ALPhI ,*" 005 , COSFEP 1 1,3 I.,. 00007^,90 

-FIND WHICH BLADE CUPUdThDt: ^ 1A159265A )OOC075OO 


-FIND WHICH BLADE CURVATCRTm^^ 

,*A,. « falls within 

CALL RE6ION{XNQOE,NSTAT,JC1) - - 

CALL lNcipJuc™PU*'"' 

,VEL=VR 

- - 

PRESSC=P1*!THICK*DEN»{ VELi(»2 ) 

FRESSC=0. 

RETURN 

END 
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0001 SUBROUTINE REGIONCXNODE,NSTAT, JCl ) 00007630 

0002 COMMON/XMID/ XCEN112S),XCEN2{ 25) 000076^0 

°003 HST=NSlAT-2 00007650 

0004 DO 514 KJ=liNST 00007660 

0005 IF(XNODE.L7.XCEN1(KJ).OR.XNODE,GE.XCEN2(KJ))GO TO 514 00007670 

.. °006 ^ JC1=KJ 00007680 

0007 514 CCNTINl »E * - 0 0007690 

0006 RETURN 00007700 

0009 END 00007710 


I 

N> 

•.vj 


I 


FORTRAN IV G1 RELEASE 2.0 


MAIN 


I 

fo 

*>4 

fO 

I 
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0001 

0002 

0003 

0004 

"'doos' 

0006 

0007 

0008 

0009 

0010 
odu ■ 
0012 

0013 

0014 

0015 


08/33/03 


, COHMON/BLADE/XO( 25 J , Y0( 25 1 .THETAt 24 ) .XMC 25 1 00007730 


SOI 

500 


1Y0( JCl) )«w2)*«.5)/2, 

DELPHI=THETa( JC 1+1)-THETA( JCl) • - 

IF(DELPHI.LT.1.7E-5)GO TO SOI 

fXMIDl-XMlD2 )ifJf2+( YMID1-YMID2 )**Z ) 
RCURV=CH0RD/(2.»fSlNCDELPHI/2 )1 

P1=1./HCURV • - 

BO TO 500 
P1=0. 

RETURN 


00007780 

00007790 

00007800 

00007810 

00007820 

00007830 

00007840 

000078SO 

00007660 

00007870' 

00007880 

00007690 

00007900 

00007910 
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I 

NJ 

LJ 

I 


0001 

0002 

0003 

OOOA 

0005 

0006 
0007 


0006 

0009 

0010 
0011 
0012 
0013 
0019 

0015 

0016 

0017 

0018 

0019 

0020 
0021 
0022 
0023 

0029 

0025 

0026 ■" 

0027 

0028 
0029 


0030 

0031 

0032 

0033 
0039 

0035 

0036 " 

0037 

0038 

0039 

0090' 


P^ESUR(NR,A,B,DIST,ISPLIT,SPP,SPP1.VDT,6AMMA1.GAMMA2,P000007930 


507 


l.RN, ALPHA, VR, DEN, NSTAT.IIFLG) 

COMNON/AR/ KKODEC 25,25 ) ,YNODE( 25 ) ,MAX( 25) ,PRESS( 25,25), 
1 AANOOE ( 25 , 25 ) , PPL( 25 , 25 ) , PVL( 25,25), FRSSt 25,25) 

DO 501 I3sl,NR 
LIH=I1AX(I3) 

DO 502 J3sl,LiM 

IF(YNODE(I3).GE.A.OR.YNODE(13).LE.B)GO TO 503 
IF(ISPLIT.EQ.-l)GO TO 509 

20 JET 

FLOW FROM NODE H TO N+1— 1SPUT=1 

OOT=XNODEI I3,J3 )-SPPl 
IF^DOT.LT.O. )DOT=-DOT 
IF(DOT.GT.(DIST+VDT))GO TO 502 
IF<DOT.LT.DI5T.ANO.IIFLG.EQ.1)GO TO 502 
XOOT=aNODE(I 3 , J3 1 >SPP 
IFtXDOT.LT.O. )GO TO 5000 
IF((XD0T/GAMHA1).GT.75.)G0 TO 600 

FEXP= EXPt -XDOT/GAMHAl ) 

GO TO 601 

5000 IF(AeS(X00T/GAHMA2).GT.75.)G0 TO 600 
_ FEXP=EXP(XD0T/6AMMA21 

GO TO 601 - 

FEXP=0. 

PPLt 13, J3 >=P0+^FEXP*( 2 .-FEXP ) 

IF(PRESS<I3,J3).LT.PPUI3,J3)}PRESS(I3,J3J=PPL(I3,J3) 

GO TO 506 

FLOW FROM NODE N+1 TO N — ISPLIT=-1 
OOT=SPPl-XNOOE ( 13 , J3 1 
IF(DOT.LT.O. )DOT=-DOT 
IF(OOT.GT.(DiST+VDt) )GO TO 502 
IFCOOT.LT.DIST.ANO.IIFLG.EQ.l )GO TO 502 
XDOT=SPP~.XNODE(I3,J3) 

GO TO 507 

3D JET 

FLOW FROM NODE N TO N+1— ISPLIT=1 

SIGN=1. 

IF(1SPLIT.EQ.-1)SIGN=-1. 

AF(YkODE(i3).LE,B)GO TO 509 ' - - - 

OOT=( fXNODE(I3,J3)-SPPl)^t»2 + (YN0DECI3)-A)*«2)*if.S 
IF(DOT.GT.(015T+V0T))GD TO 502 
IF(DOT.LT.DIST.ANO.IIFLG.EQ.l)GO TO 502 
XDOT=XNQOE ( 13 , J3 ) -SPP 

RDOT=( (X:i0DE(I3,J3)~SPP)^f*2+(YN0DE(13)-A)»f+f2)Jf+f.5 
IF(RDOT.LT.l.E-3)GO TO 700 
COSFEE=(XNODE( I3,J3)-SPP)»SI6N/RD0T 
GO TO 701 


600 

601 


509 


503 


510 
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700 C0SFEE=1, 

701 Y2SC ( RM«SIN( ALPHA )/( 1 . -COSFEE*fCOS( ALPHA ) ) )*«2 )*SIN( ALPHA )» 

II 1 1 . -I COSFEEi-COSI ALPHA ) )««2 )*« .5 )/3 . 

Ir(ABSI(RD0T«i'2)/Y2).GT.75.)G0 TO 600 
FEXP=EXP( -( RDOT#«2 J/Y2 ) 

PPL! 13, J3 ] =P0»<FEXP«f( 2. -FEXP I 

IF{PRESS(I3,J3).LT.PPHI3,J3) )PRESS(I3,J3)=PPL(I3,J3) 

GO TO 506 

509 DOT»((XKODE(I3,J3)-SPPl)»»»#2 + (YNODE(I3)-B)if«f2)»».5 
IFIDOT.GT.IDIST+VDTHGO TO 502 
IFIDOT.LT.DIST.AND.IIFLG.EQ.DGD TO 502 
RDOT = C (XI';CDE(I3,.*3)-SPP)«^f2 + ( YN0DE(I3)-B)^<«2)«*.5 
XDOTsXNODE ( 13 , J3 ) -SPP 
60 TO 510 

C . ,, , ADD ON THE PRESSURE EFFECTS DUE TO 

C BLADE CAMBER 

506 CALL CAflBER(XN0DEII3,J3),YH0DE(I3),A,B,ISPLIT,RM,ALPHA,SPP,VDT, 
ICOSFEE , VR , DEN , NSTAT , PRESSC ) 

IF( PVLI 13, J3 ) . LT. PRESSC )PVL(I3, J3 )=PRESSC 
PRESS! 13, J3)=FRESS(I3,J3 )+PVU 13, J3) 

IF(D0T.LT.DIST)60 TO 502 
FRSSII3.J3)=PRESS{I3.J3) 

502 CONTINUE 

501" CONTINUE ' - 

RETURN 

END 
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C 

c 
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c 

c 
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CALCULATE THE GENEPi.LIZED FORCE 

FOR EACH HODE 

DO ABO K6=1,NN 

P1(I6)^PI(I6)+PH2I1,K6,I6J«PP{K6,1)+PH2(2,K6,I6)»PP(K6,2) 

■ CALCULATE THE MODAL COEFFICIENTS 

AND THEIR TIME DERIVATIVES 
QIC 16 )=FI( 16 )»fQC 16 1+GIC 16 )«QD( 16 )+AA( 16 )*fPI( 16 ) 

QOK 16 1=FDIC 16 )«Q( 16 )+60I( 16 )«QD( 16 )+BBC 16 )»<PI(I6 J 

Q(i6)=Qi(I6) " - - 

QD(I6)=QD1(I6) 

DO A60 JOsl.NN 

0EFC1,JB1=0EF(1,JB)*PH2(1,JB>I6)»QI(I6) 

DEFT2tJ'Bj=bEFC2;;jB)VPH2CE,JB»I6)»{QI(I6) " 

STRSSC 1 , JB )=STRSS( 1 , JB ) +SH2 ( 1 , JB » 16 )»QI( 16 ) 
STRSS(2,JB)=STRSS(2,JB)+SH2(2,JB,I61«QICI6) 

STRSS ( 3 , JB ) =STRSS C 3 » JB ) +SH2 ( 3 , JB , 16 ) «QI ( 16 ) 

VELri,JB)=VELrr»JBJ+PH2a,JB,l6)«QDI(I6) ' 

VEL(2,JB)=VEL(2,JB)*PH2(2,JB,I6)«QDI(I6) 

CONTINUE 

CONTINUE 

RETURN - - - 


SUBROUTINE M0DAU(NMfNSTAT,KN,I6»FV>T) 00008670 

COMMON/MCDE/BET(10),VKI(10),WI(10),GI(10),FiaO),FDI(X0)»6Dni0), 00008680 
lAA(10),Be(10),PI(10),QI(10),Q(10),QDtlO),QDIC10),WO(10),PH2C3,625*00008690 
llO)»PPt625i21 »DEF(2,625).VEL(2»625).STRSS(3»625)»SH2(3,625»10) 

IF FV=0 THIS IS FREE VIBRATION 
CALCULATE THE PARAMETERS 

DO A20 l6 = l,NM 

C3=EXP(-BET(I6>»T} 

GIC 16 )=C3VSIN( Hit 16 )»T)/WI( 16 ) 

FI{I6)=C3«COS(WI(I6)*T)+BET(I6)«GICI6) 

FDICI6) = -6I(I6)*k’0(I6)K*2 

eDI(I6)=C3v(C0StHI(I6)*T)-(BET(I6)/WI(I6n«SINCHI(I6 3»TJ) 
AACI6)=(1.-FI(I6>)/VKI(I6) 

BBC 16 )=-FDIC 16 )/VKI( 16 ) 

ZERO OUT THE DEFLECTIONS 

STRESSES AND VELOCITIES 

DO A30 JB=I,NN 
DEF(1,J8)=0. 

'DEF(2,JB)=Ci.' ' ■ “ “ ~ 

STRSSC 1,JB}=0. 

STRSS(2.J8)=0. 

STRSSC 3. JB) = 0. 

VEUi;jB) = 0. — 

VEU2,JB)=0. 

DO AAO 16=1 »NM 
PICI6)=0. 


00008700 
00008710 
00003720 
■'000dS730' 
00008740 
000067BO 
00008760 
00008770 
00008780 
00006790 
00008800 
■'00008810 ■ 
00008820 
00006830 
00008840 
00006850 
00008660 
00008670 
00008880 
00008890 ■ 
00008900 
00008910 
00008920 
00008930 
00008940 
00008950 
00006960 
00008970 ■ 
00008980 
00008990 
00009000 
' 00009010 
00009020 
00009030 
00009040 
00009050 ■ 
00009060 
00009070 
00009080 
00009090 ■ 
00009100 
00009110 
00009120 
00009130 •' 
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fortran 


.IV G1 RELEASE 2.0 


- s 790X2 OSy^-?>ni 

06/33/03 

_.. ' ‘•** J I YNODEf ?t? 1 -MA vr » ruinnoifA 


PRINTPt I , rtNE?NR 
UAWcS^?“"pp^^^^ 

DIHENSION HAXL(5) ^^^^'^'^‘-^25,25),PRSS(2S,2SJ ' 

C R^Dntrn^^ WDIAL STATIONS 

"c distribut!on 

C _tJ- It radial station 

113=0 UPPER radial station 

1K3=0 

00 10 14=1, NR •••“ -- - .._ 

K3=NR+1-X4 ^ 

LIM1=HAX(I4) 

-.- !-I.H2=HAXfK3) 

00 15 j3=l,LIHl" “ • 

IF(II3.GT.O JGO TO 15 

lnPRESS(T4,J3).EQ.O.)EO TO IS 

is CONTINUE '■■*" - - 

00 20 L3=1,LIH2 ' 

-~SS^^?^!=?‘aE?,0,)GOTO20 

20 CONTINUE 

10 CONTINUE 

.«« t''’^’'’Sf6,100II,TI«E •• 

FORHAniHl,47X,10HTIHE STEP=,I4 pv puttmp 

WRITE(6,I0I ) 

node,pressi;pes ape zepo,. 

WILL HaJf^?!? stations 

L. ITY=IK3-IiSi ^ ^ PRINTED 

i50'35 kK=i',5 " - 



_ itotl=kk 

iTYilTr-S' •"• - • -.. ^ 

GO TO 35 ■■■ *••*■ - 

NAXL(KKJ=lTy 
IT0TL=KK 

SO’TO - — 
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00009180 " 
00009190 
00009200 
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00009230 
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00009270 

00009280 

......P0009290 

00009300 

0000931.0 

00009320 

00009330 

00009340 ■ 

00009350 

00009360 

- 00009370 

00009380 

00009390 

00009400 

00009410 

00009420 

00009430 
J 00009440 

00009450 

00609460 
00009470 
00009480 
_ 00009490 

00009500 — 

00009510 

00009520 

00009530 

00009546 

00009550 

00009560 

00009570 

00009580 * — 

00009590 

00009600 

00009610 

00009620 -- 
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0033 

35 

CONTINUE 

00009630 


C 

ITOTL CONTAINS THE THE TOTAL NUMBER 

00009640 


C 

OF GROUPS OF FIVE RADIAL STATIONS 

00009650 


C 

THAT WILL BE PRINTED ACROSS A PAGE 

Q00Q966Q 


c 

FOR EACH GROUP PRINTED ACROSS A PAGE 

00009670 


c 

MAXL CONTAINS THE NUMBER OF RADIAL 

00009680 


c 

STATIONS THAT MILL BE PRINTED ACROSS 

00009690 

0039 

40 

^is=ii3 

00009700 

OOAO 


DO 50 IL=1» ITOTL 

00009710 

OOAl 


IE=IS+HAXL( IU-1 

00009720 


c 

PRINT THE HEADINGS 

00009730 

00A2 


WRITE f 6 , 102 ) ( YNODE ClY ) , IY=IS , IE ) 

00009740 

OOA3 

102 

FORMAT(//1HO,SX,2HY=,E11.5,4{13X,2HY=,E11.5)) 

00009750 

00A4 


WRITEI6,202) 

00009760 

0045 

202 

FORMAT (//) 

00009770 

0046 


ICF=MAXLfIL) 

00009780 

0047 


DO 60 IC=1,1CF 

00009790 

0048 


IFdC.EQ.ilGO "^0 61 

00009800 

0049 


IF(IC.EQ.2)GO TO 62 

00009810 

0050 


IF(IC.EQ.3)GO to 63 

00009820 

0051 


IFfIC.Eq.4JG0 TO 64 

00009630 

0052 


WRITE(6,1035) 

00009640 

0053 

1035 

FORMAT! 1H+,108X,1HX,11X,1HP) 

00009850 

0054 


GO to 6b 

00009360 

0055 

61 

WRITE(6,1031> 

00009870 

0056 

1031 

FORHAT( 1H+ , 4X , IHX , IIX, IHP J 

00009880 

0057 


GO TO 60 

00009890 

0058 

62 

KRITE(6. 10321 

00009900 

0059 

1032 

FCRHATf 1H+ , 30X » IHX » IIX , IHP ) 

00009910 

0060 


GO TO 60 

00009920 

0061 

63 

MRITEC6.1033) 

00009930 

0062 

1033 

F0RMAT(lH+,56X,iHX,llX,iHPj 

00009940 

0063 


GO TO 60 

00009950 

0064 

64 

URITEC6,1054) 

00009960 

0065 

1054 

FORMAT! 1H+,82X, IHX, IIX, IHP) 

00009970 

0066 

60 

CONTINUE - . - 

00009980 

0067 


DO 70 J3=l,25 

00009990 

0068 


KR1TE(6,103) 

00010000 

0069 

103 

FORMAT!/) 

00010010 

0070 


IPF=MAXL(iL) 

00010020 ■ 

0071 


DO 60 IP=1,IPF 

00010030 

0072 


I3=IS+IP-1 

00010040 

0073 


LIM=MAX(I3) 

00010050 

0'374" 

■■■■ 

iFrJS.GT.LlMIGO TO SO 

00010060 

0075 


IFCIP.EQ.DGO TO 81 

00010070 

0076 


IF(IP.EQ.2)CO TO 82 

00010080 

0077 


IF(IP.EQ.3)60 TO 63 

00010090 

- ••• *0078 


irCIP.EQ.4)G0 TO 84 

oooioloo 


I 

N3 

V£> 

I 


f.f?3:NTP DATE = 79012 08/33/03 


PAGE 0003 


0079 


WRITE(6,104S )XN0DE(I3,J3),PRESS(I3»J3J 

OOOlOllO 

0080 

1045 

FORMATt 1H+, lOSX, 2( 2X, ElO .4 ) ) 

00010120 

0061 


60 TO 60 

00010130 

0062 

81 

KRITE(6,104i )XN0DEl I3,J3 ), PRESS! 13, J3) ' 

00D1Q140 

0033 

1041 

F0RMAT(1H+,1X,2(2X,E10,4)) 

00010150 

0064 


60 TO 60 

00010160 

0065 

82 

WRITE(6,1042)XN0DEtI3.J3), PRESS; . J3) 

00010170 

0066 

1042 

FORMAT! 1H4 ,27X', 2( 2X,E10.4) 1 

oooioiao'"'' 

0067 


GO TO 80 

00010190 

0086 

63 

WRITE(6,1043)XNODE(I5,J3)>PRESS(I3,J3) 

00010200 

0069 

1043 

FORMAT(lH+,53X,2(2X,Ei0.4)) 

00010210 

0090 


GO to 80 "■■■ — 

00010220' 

0091 

64 

WHITE(6, 1044 )XHODE( 13, J3), PRESS! 13, J3) 

00010230 

0092 

1044 

FORMAT! 1H+ , 79X 2! 2X , ElO . 4 ) ) 

00010240 

0093 

60 

CONTINUE 

00010250 

0094 

70 

CONTINUE ~ • 

00010260 

0095 


IS=IE+1 

00010270 

0095 

50 

CONTINUE 

00010260 

0097 

500 

RETURN 

00010290 

0098 


end ■ 

00010300 
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MAIN 
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PAGE 0001 


C 

SUBROirriNE PRINTV(I,TIME.1P0FL.ITPRNT.KR,IJPRNT»I7) 

. „ _-CpMttON/MOOE/OUM«Y(20150I.DEF(2,625I.VEU2»625),STRSS(3,625I, 
1SH2( 3.625.10 } 

CCMM0N/PRMT/NJ3( 25) .OEFBK 1000 r 25 ) >0EF60( 1000.25) .COOK 1000.25). 
1C000( 1000»25).SIGMB1(1000>25.3)»SIGMB2(1000.25.3).SIGMAK1000.3» 

125) .SIGMACI 1000 ,3,25) .TIMEPC 1000 ) 

Caif10N/AR/XK00E( 25 . 25 ) , YNCDEC 25 ) ,MAX< 25 ) . PR£SS( 25,25) , 
1AAK00E(25,25),PPU25,25),PVL(25,25),PRSSC25.25) 
ITFRNTslTPSNT+IPOEL 

IJPRNTs(ITPRNT-l)/IPOEL _ 

TIM£P(IJPKNTi=TIME ■■ “ ” 

JS^O 

DO 10 13=1. NR 
LIM=MAXCI3) 

NXPRNT=NJ3(I3) * -- . _ 

DO 20 J3=1,LIM 
J5SJ5+1 

_ _ IF(J3.N£.NXPRNT)G0 TO 21 

DEFBKIJPRNT,I3)=0EF(1,J5) ~ 

0EFe0fIJPRNT,I3)s0£F(2,J5) 

21 IF(I3.NE.I7)G0 TC 20 
_C00I(IJPRNT.J3)=0EF(1.J5) 

CbbO(lJPHNT.J3)sOEF(2,J5) 

20 CONTINUE 
10 CONTINUE 

15=0 __ 

DO 30 13=1. NR 
HH=MAX(I3) 

NSPRNT=NJ3(I3) _ 

IFLG=0 

DO 40 J3=1.LIM 
15=15*1 

IF(( J3.NE.1). ANO.il J3. HE. LItl). AND. (J3.NE.NSPRNT))GO TO 41 ~ — 

IC=IC*1 

IFCIC.EQ.l) SIG)«KIJPPNT,I3,1)=STPSS(2.I5) 

IFCIC.EQ.2) SI6MBKIJPRNT,I3,2)=STRSS(2,I5) 

IFaC.EO.3) SIGMBKIJPRNT,I3.3)=STRSS(2.I5) “ ~ 

41 IF(<I3.NE.I7-l).A)«).(I3.NE.I7).ANO.(I3.NE.I7*l))GO TO 40 
IFCIFLG.EQ.DGO TO 42 

_ 14=14*1 

42 SIGMAl(TjPRNT,I4,J3)»STRSSfl,I5) 

SI6MA2C IJPRNT . 14 . J3 )=STRS5( 2,15) 

SIGM82(1JFRNT,J3.I4)=STRSS(3.I5) 

IFLG=1 

40 ' “CONTINUE 


00010320 
00010330 
00010340 
00010350 
00010360 
00010370 
00010380 
00010390 
00010400 
00010410 
00010420 
00010430 
00010440 
00010450 
00010460 ' 
00010470 
00010480 
00010490 
00010500 
00010510 
00010520 
00010530 
00010540 
00010550 
00010560 
00010570 
00010575 
00010580 
00010590 
00010600 
00010610 
00010630 
00010640 
00010650 
00010660 
00010670 
00010680 
00010690 
00010700" 
00010710 
00010720 
00010730 
00010740 ~ 
00010750 
00010760 
00010770 
00010780 


PRINTV 


08/33/03 


PAGE 0002 
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0C44 30 CONTINUE 

0045 RETURN 

-.0046 _ _ END 


000X0790 

00010600 

00010610 


282 - 
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08/33/03 


CItOOntiTTiie PtnTiMrn/T-. i... ........... 


SUBROUTINE PRINTR( I7.NSTAT.NR , IJPRNT ) 00010830 

COHMON/AR/XHODEC 25 ,25 ) , YNODEC 25 ) ,mX( 25 ) , PRESSr 25,25), 000106<^C 

1AAN0DE(25,25),PPL(2S,25).PVU25.25),PRSS(25,25) 00010850 

C0Nf10N/PRNT/NJ3C 25 ) ,DEFBI( 1000 , 25 ) ,DEFBOt 1000,25 ) ,CODI( 1000 , 25 ) » 00010660 

1CODO(1000,25),SIGMB1(1000,25,3),SI6»B2(1000,25,3),SIGHA1C1000,3, 00010870 
125 ),SIGMA2f 1000, 3,25), TIMEPaOOO) 00010680 

DIMENSION R C 3 ) , STRSl (3,25). STRS2 ( 3 , 25 ) ,X( 25 ) STRS3( 3.25) 00010890 

DO 10 IT=1.IJPRNT 00010900 

WRITE(6,100)TIMEPIIT) 00010910 

FORMAT! //IHO , 56X ,SHTIME= , E12 . 6 . IX , 3KSEC »//lH . 39X , 53HDISPLACEMENTS00010920 
1 AND BENDING STRESSES VS. RADIAL STATION, //IH ,26X, 13HDISPLACEMENT00010930 
1S,18X,21HRADIAL BENDING STRESS. /IH ,9X.1HH,9X. SHIN-PLANE. 7X, 000109AO 

112HOUT-OF-PLAHE,3H^^«»,7HLED-EDG,8X,7HCHO-PNT,8X,7HTRL-EDG) 00010950 

DO 11 13=1, NR 00010960 

HRITE(6,101)YN0DE(I3),DEFei(IT,13),DEFBO(IT,I3),(SlGt1Bl(lT,I3,IV),0O010970 


1IV=1,3) 

F0n^SAT(lH •3(^X,E11,S),1X,2H«»,1X,E11.S,2(AX,E11.5) ) 
CONTINUE 

■-DO 30 K=l,3 ' 

IF(K.EQ.2)GO TO 32 
18=17+1 

IF(K.EQ. 1)18=17-1 

TFria.LT.DGb TO si 

IF(I8.GT.NR)G0 TO 31 
R(K)=YN0DE(I8) 

LIM1=MAXCI8) 

LIM2=LTM1-1 ' 

DO AO J3=l,NSTAT 


00010980 

00010990 

OOOllOOO 

00011010 

00011020 

00011030 

OOOllQAO 

00011050 

00011060 

00011070 

00011080 

00011090 

00011100 


IF(XNODE(I7,J3).LT.XNODE(18.1).OR.XMOOE(I7»J3).GT.XNODE(ie,LIMl)) OOOllllO 


IGO TO A1 

■'DO ‘50‘JA=1.LIM2 


0C011120 

00011130 


i.'(XNODE(I7,J3).LT.XNODE(I8,JA).OR.XNODE(17,J3).GT.XNODE(lS,JA+l))000111AO 


IGO TO 50 

STRSl(K,J3)=(SIGHAl(IT,K,JA+l)-SIGMAl(IT,K,JA))«(XNaDE(I7.J3)- 
1>:NOOE(I8,J4))/(XNOOE(I8,JA+1)-XNODE(I8,JA))*SIGMA1(IT.K,JA) 
STRS2(K,J3) = CSIGMA2(IT »K, JA+l)-SI6MA2(lTtK.JA) )*(XNaDE(I 7 ,J 3 )- 
1XN0DE(I8,JA) )/(XN0DE(I8,J4+l)-XN0DE(I8. JA) )+SIGMA2t IT.K.JA ) 
5TRS3IK,J3)=(SI6MS2( IT, J4+1 ,K )-SlGHB2( IT. JA,K ) )*( XNODE( 17, J3)- 
IXNODEC 16, JA) )/(XN0DE(I6, JA+1 )-XNQDE(IB.JA) )+SIGMB2tIT, JA.K) 
CONTINUE 
GO TO AO 
STRS1(K,J3)=0. 

■ 5TRS2(KiJ31=0. 

STRS3(K,J3>=0. 

CONTINUE 
GO TO 30 

~RCK1=0. 


00011150 

00011160 

00011170 

00011180 

00011190 

00011200 

00011210 

00011220 

00011230 

000112AO 

00011250 

00011260 

0QOU270 

00011280 

0001X290 


283' 


_ FORTRAN IV G1 RELEASE 2.0 


PRINTR 


DATE = 79012 


08/33/03 


PAGE 0002 


0050 

0051 

0052 
"6 053 

0054 

0055 


0056 

0057 

'0058' 

0059 

0060 
0061 


0036 


DO 45 J3=1,NSTAT 

0037 


STRSl{KiJ3)=0. 

0033 


STRS2(K,J3)=0. 

0039 

45 

STRS3tK,J3)=0. ■■ * 

0040 


GO TO 30 

0041 

32 

R(K)=YNDDE(I7) 

0042 


DO 33 J3=1,NSTAT 

0043 


STRSi( 2, J3 JsSIGHAirif', ZiU f 

0044 


STRS2 ( 2 , J3 I =SIGMA2 ( IT , 2 , J3 ) 

0045 


STRS3(2,J3)=SIGM32(IT,J3,2) 

0046 

33 

. X(J31=XN0DEfI7,J3)-XN0DECI7,l) 

0047 

30 

CONTINUE ■ 

0048 


WRITE(6,104) 

0049 

104 

FaRMATC//lH0,47X,36HDISPLACEHENTS VS. 


» SOX , IHX , 9X , 6HIN-PLANE : 


103 
6 b ‘ 

102 


0062 


,57X,16HAT IHPACT RADIUS, //IH 

16X,12H0UT-0F-PUNE) 

DO 60 J3=1,NSTAT 

WRITE(6,103)XIJ3 J»CODI(IT,J3),CODOIIT,J3) 

FQRNATdH ,41X,3(4X,B11.5) ) 

CO^^TINUE - - • 

WRITE(6.102HR(JK),JK=1,3),CR(JU,JU51,3),(R(JH),JM=1,3) 
FORMATC//1HO,50X,31HSTRESSES VS. CHORDWISE LOCATION, 

.27X,8HSTRESS-X,32X,8HSTRESS-Y, 
132X»8riSKEAR-XV,/lH »4X,iHX»6X»3( 3H«R=,E10 .4) , 21 1X»3( 3H«R= ,E10 .4’)) 
DO 61 J3=1,NSTAT 

KRITE(6,105)XCJ3),CSTRS1(KL,J3),KL=1,3J,(STRS2(KL,J3),KL=1,3), 

_1(STRS3(KL,J3),KL=1,3) 

10? FORHAfCiH' »El0.4',3(iX",3(lN»,lXiE10.4,lX) j) 

61 CONTINUE 
10 CONTINUE 
RETURN 

■■‘END - - 


00011300 
00011310 
00011320 
00011330 
00011340 
00011350 
00011360 
■00011370 
00011380 
00011390 
00011400 
00011410 
00011420 
00011430 
00011440 
00011450 
00011460 
00011470 
00011480 
00011490 
00011500 
00011510 
00011520 
)00011S30 ' 
00011540 
00011550 
00011560 
00011570 
00011580 
00011590 
00011600 
00011610 ■ 
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SUBROUTINE PINITt LI »NVA,BETA, JCl ,XNERL1 iDLTALl ,I8,NSTAF ►PPII, E ,F, 00011630 
1G.AL.R1.S,0EN,I,V,I7,DT,R1MP,NSTAT) 000116AO 
COMMON/VARB LI/NAllOOO ), RMKIOOO ),RM2(1000) I ITSLD( 1000 l.GMALK 1000)00011650 


1. VRLl t 1000 )> ALPLK 1000 ),ISPLTC 1000 ),VDTLlt 1000 )»WM1( 1000) 
C0NM0N/L/III6),Rt1i6),XI(6),YIC6)iIHIT(6),RU6)iXt61,Y(6),Wm6) 

CCMNON/LK/VOT(6>1000),ISLIDEC6,1000 1 iGAMMA(6 ) .VR(6»1000 ) i 

lALPHA(6),iSPLlti(6),GAHMAl(lO00),GAHMA2(lO00),SPP(1000j,P0tl000) 
1 LAMDIK iOt ► LAMDEK 1000 ) »FIMP2D( 1000 ) • FIHP3D( lOOO ) »DIST( 1000 ) . 
ISPPKIOOO) 

. CONNON/BLADE/XO( 25 ) , Y0( 25 ) ,THETA( 29 ) .XMt 25 ) 
COrUtON/AP/XNODE(25»25)>YNODE(25),MAX(25),PRESS(25,25), 
lAAN0DE(C5,25)»PPL(25,25),PVU25,2S),PRSSt25,25) 
CQMHON/NOOE/OUMHYU1900),VEU 2»625) »STRSS(3,625)»SH2t3>625ilO ) 
REAL LAMD11,LAHD21 

NAa)=0 • • 

L1=0 

RM1(I)=0. 

RM2(I)=0. 

■■■lTSLd(I) = 7 ■ 

DO 10 L=1»HVA 
IF(L.GT.ITSLD(I))GO TO 20 
IFdKD.NE.DGO TO 10 

'"lF{ISLfDE(L»lj‘.Eq.l)GO'TO 26 ‘ 

RMl(I)=RmCI)+RH(L) 

HA(I)=NA{I)+1 
IF(NA(I).GT.1)G0 TO 11 

L1=L "■■■■ “ - - 

KMl(I)=MNa) 

GO TO 10 

IF(Nf1(U.GT.WMl{inwmCIl=WM(U 

■ GO tO''10 "'“‘ - - 

IF(ITSLD(I),EQ.7)ITSLDCI1=L 

RM2(Il=Rl12(IJ+RmL) 

CONTINUE 

'iF(HA(ir.EQ:o)6o to loo ■ 

A=RIHP+(Hm(I)-RHl(I))/2, 

B=RIMP-( NNK I )-Rf11( I ) )/2 . 

_IF((A~B).6T.0. )GO TO 7200 

A=RIHP ‘ * 

B=RIHP 

DL=A-B 

RLl=(RMl(I)-RH(Lin/2. 

RLL=RL1' 

XIT1=XI( LI) 

YITX=YI(L1) 

JC1=IHIT(L1) 

•Z=RLl/SINrTHETArjCl)-BETA) 


00011660 
00011670 
00011680 
00011690 
00011700 
00011710 
00011720 
00011730 
00011790 
00011750 
00011760 
00011770 
00011780 
00011790 
00011800 
00011810 
00011820 
00011630 
00011890 
00011850' 
00011660 
0U011670 
00011880 
00011690 
00011900 
00011910 
00011920 
00011930 
00011990 
00011950 
00011960 
00011970 
00011980 
00011990 
00012000 
00012010 ' 
00012020 
00012030 
00012040 
00012050 ■ 
00012060 
00012070 
00012080 
00012090 
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0092 


0=( ( XO< JCl+1 )-XITl )»*2*t Y0( JCl+1 )-tITl I**2 !•* .5 

00012100 

0093 


IF(Z.LE.O)GO TO 31 

00012110 

0099 


JC1=JC1*1 

00012120 

0095 


X1T1=X0(JC1I 

00012130 

0096 


YITlsYO(JCl) 

00012190 

0097 


RL1-RL1-0»SIN(THETA(JC1*1)>BETA) 

00012150 

0098 


60 TO 32 

00012160 

0099 

31 

XIlsXITl*Z»COS( THETA( JCl ) ) 

00012170 

0050 


YIlsYITl*Z«SIN( THETA( JCl 1 1 

00012180 

0051 


XNERLlsXnUCl) 

00012190 

0052 


DLTALls< (XOC JCl )-XIl )**2*C YOC JCl J-YIl 1**2 )** .5 

00012200 

0053 


GMALK I ):XNERL1^DLTAL1 

00012210 

0059 


DO 33 KL:l»NVA 

00012220 

0055 


RKlsRU LI )-RUKU>RM( KU/2. 

00012230 

0056 


RK2=RL(Ll»-RHKL)*RM(KL)/2. 

00012290 

0057 


IF(<RK1.LE.RLU.AND.(PK2.GT.RLL))KIK=KL 

00012250 

0058 

33 

CONTINUE 

00012260 

0059 


PV=RL( LI l-RL(Kiri )-RLL 

00012270 

0060 


XKn:X( Kin (♦RVVSINC BETA ) 

00012260 

0061 


YKttsVC Kin »-RV*COS( BETA 1 

00012290 

0062 


0FBLl=((XKn-XIl)**2+CYKn-YIl)**2)**.5 

00012300 

0063 


IFII.EQ.IIGO TO 35 

00012310 

0069 


J9=I8-1 

00012320 

0065 


DO 36 JB:l»NSTAF 

00012330 

0066 


J9=J9*1 

00012390 

0067 


IF(J8.EQ.JC1IJT=J9 

00012350 

0068 

36 

CONTINUE 

00012360 

0069 


' iF(ABS(PPII/2.-ABSITHETA(JCin).6E.PPII/12.)GO TO 37 

00012370 

0070 


0nE6A=( VELI 1 » JT+1 >-VEL< 1 » JT ) l/( Y0( JCl+1 )-YO( JCl ) ) 

00012380 

0071 


GO TO 38 

00012390 

0072 

37 

OMEGA=( VEU 2 , JT+1 l-VELf 2 » JT ) I/I XOI JC1*1 l-XOI JCl ) I 

00012900 

0073 

38 

XIO^VELI 1 » JT l-( YIl-YOl JCl 1 )«CnEGA 

00012910 

0079 


YIDsVELI 2 » JT l + IXIl-XOI JCl I )*CnE6A 

00012920 

0075 


GO TO 59 

00012930 

0076 

35 

XIDsO. 

00012990 

0077 


Y10=0. 

00012950 

0078 

39 

VlsXlD*COS( BETA 1 4YI0*SIN( BETA 1 

00012960 

0079 


VBsX10*C05( THETA! JCl ) >+YID«SIN( THETAI JCl I ) 

00012970 

0080 


VXlsl V-VI )*COSI BETA )-VB»C0SI THETA! JCl 1 1 

00012980 

0081 


VYls( V-VI l*SIN( BETA l-VB*SINC THETA! JCl 1 1 

00012990 

0082 


VRL1!I|s!VX1**24VY1**21**.5 

00012500 

0083 


ALPLl! I IsACOS! ! VX1«C0S! THETA! JCl 1 )4VY1*SIN! THETA! JCl 1 1 )/ 

00012510 



IVRLKin 

00012520 

0089 

^ r- 

' ISPLTlIlsl " 

00012530 

0085 


IFIALPLim.LE.PPII/2. )GO TO 90 

00012590 

0086 


ALPLl! 1 ):PPII>ALPL1! 1 1 

C0012550 

0087 


ISPLT(I)a-l 

00012560 

ODSS ■ 

90 

VOTLlfI)sVRLiril*OT ■"“ — " 

00012570 


r " 




release 2.0 


date = 79012 08/33/03 


IF{ALPU(I).LT.1.7E-3)G0 Tn inn 

- P.u„ ..r „coP. 

lI))/9.)/2. '•^‘^^^*2®*'*^^*-2*»ALPLl(I)/ppiiHsimALPa( 



Sljno. 

PPII/? ..-ALPLK I ) ) 

p^|^^^J°®'GE.i.7E-3)Gb TO-S9 - 

GO TO 60 

•■'■fh- WP^-f'ACTpR/SINC FACTOR ) 

^AL=US.«Rm.X.*PAno/,,.*p«ni,SI.ULPUa,,.,...siH<At^^ 

A2F-DL*fRI11(I>»(l.+cggj^^p, , . j| w 

L+ 2 . «ALPL1( 1 ) ) )itRHl( I J/2 ^ ^ •*ALPH( I )/PPH iMttzy ) 

G3J=£3j+F3J — .t.f'.'r* 

S- ( G3JitA3F+61J*A2F }/( A3F+A2F ) 

.l?.l=AL«COTANtALPLia)/2 ) 

■ 



, JGMALK I )-6 * Af^D. ALPLK I ). LE.PPII/e. )SPPt I )= 

)SPP(I)s 

-^^-Al-PLlfD.GT.PPII/a. )SPP(1)=- - j 

ED TO S3 I 

- CiLX-LAHBDAcJmumivonHL TO S3 J 

o“ 

---in«sfm 3D JET 0, 


00012580 
00012590 
00012600 
00012610 
U 00012620 
00012630 
00012660 
00012650" 
00012660 
00012670 

00012680 

00012690 ■ 
00012700 
00012710 
00012720 

00012730 

00012760 
00012750 
00012760 
00012770 
' 00012780 
00012790 
00012SOD 

oooiaeio 
00012820 
00012830 
00012660 
00012650 ■■■■ 
00012860 
00012870 
00012830 
00012890 ■ 

00012900 
00012910 
00012920 
'00012930 
00012960 
00012950 
00012960 

00012970 

00012980 
00012990 
00013000 
00013010 
00Q13020 
00013030 
00013060 
00013050 
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0126 

581 

0129 

582 

0130 


0131 


0132 

583 

0133 

584 

0134 


0135 

1 

0136 



0137 


0133 

58 

0139 



C 

0140 

167 


01^»1 

01<i2 

01^^3 

bl<44 

0U5 

0146 

'0147 

0140 

0149 

0150 

bisi ■ 

0152 

0153 

0154 

0155 ■ 

0156 


163 


164 


166 

100 


PINIT date = 79012 08/33/03 

EX1=0. 

GO TO 582 

EXlsEXP( -LAMDIK I )/6AHMAl( 1 ) ) 

IF( ABSl LAMD2K I )/GAHMA2( 1 ) ) . LE.20. )GO TO 583 
EX2 ^0 • 

GO TO 56A 

EX0=EXP( -LAMD2U I )/GAHMA2( I n 
F0(I Js.S-DSNWRLKl j*«2 

I K( 3:?eX2«^'exL'^:' n )»! ' >*"*«"«' I 

FII1P3D f I l=TLOAD ’ ^ ^ * LAHDU ( I I , LAKD2I ( I ) , TLQAD ) 

GO TO 167 
FIHP2D(I)=0. 

FIMP3D(1 1=0. 

SUM UP THE TOTAL IMPACT FORCE 
FIMP=FIMP2D( I )+FlMP3Dl I ) 

if OCCURS-IF THE IMPACT 

..IS zero-UoE the value of gamma if it(L) is mot greater than i 

HIO-POINT OF THE BLADE IF II{L) IS 2 
IFtFIMP.EQ.O. )GO TO lv3 

IFC r SPP( I )-GMALl( I n . LE . 0 . )SFIMP=GMAL1( I )-E 
IF ( ( SPP ( 1 1 -GHA LI ( I ) ) . GT . 0 . ) SF IMP=GMAL1 ( I ) + E 

GO TO 164 - 

SFIMP=6HAL1(I) 

between the TWO CLOSEST NODES AS PRESSURE 

bo 166 J3=1,MAXM1 

XMA=SFIHP-XWODE( 17, J3 ) 

XMSsX^^0DE( 17. J3+1 )-SFIHP 
lF(Xm.LT.O..OR.XH5.LT.O.)GO TO 166 

GO TO^lOO^'^^*''^ 

CONTINUE 

RETURN 

EfiD 
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